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In re Patent Application of: 
Makrina D. Savvidou et al. 
Application No.: 10/553,462 
Filed: April 17, 2004 



Confirmation No.: 8934 
Art Unit: 1632 
Examiner: A. K. Singh 



For: SCREEN FOR PRE-ECLAMPSIA 



APPEAL BRIEF 



Commissioner for Patents 
PO Box 1450 

Alexandria, VA 223 1 3- 1 450 
Commissioner: 

Appellants hereby submit this Appeal Brief to the Board of Patent Appeals and 
Interferences in response to the Final Office Action dated December 9, 2010 ("the Action"); the 
Notice of Appeal and Pre-Brief Conference Request that were filed June 8, 2011, and the 
Examiner Interview Summary Record of July 14, 2011. A Petition for Extension of Time of One 
Month and the requisite fee are filed herewith. 

The fee for filing this Appeal Brief is submitted herewith. The Commissioner is hereby 
authorized to deduct any underpayment of fees or any additional fees required under 37 C.F.R. 
§§ 1.16 to 1.21 in connection with the filing of this paper from Fulbright & Jaworski L.L.P. 
Account No.: 06-2375/HO-P03236US0. 
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I. REAL PARTY IN INTEREST 

The real party in interest is the assignee. University College London. 

IL RELATED APPEALS AND INTERFERENCES 
None. 

III. STATUS OF THE CLAIMS 

Claims 1, 6, 7, 8, and 1 1 are on appeal. Claims 2-5, 9-10, and 12-28 are canceled. 

IV. STATUS OF AMENDMENTS 

There are no current amendments. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

Claim 1 requires a method of determining that a pregnant woman is at risk of developing 
pre-eclampsia or that her fetus is at risk of developing intrauterine growth restriction (lUGR) 
(page 1, lines 30-32). The method comprises (a) measuring asymmetric dimethylarginine 
(ADM A) in a plasma sample (page 3, line 10) taken from a pregnant woman at a stage of 
pregnancy from 23 to 25 weeks gestation (page 3, line 33- page 4, line 1); and (b) determining 
that the woman is at risk of developing pre-eclampsia or her fetus is at risk of developing lUGR 
if the level of ADMA in the plasma sample is greater than 1.5 |imol/L (page 4, lines 26-29) 
(page 1, line 30- page 2, line 3). 

As claimed in claim 6, in some embodiments, the method includes determining that the 
woman is at risk of developing pre-eclampsia or determining that her fetus is at risk of 
developing lUGR comprises determining that the woman's ADMA level is at least 3 times the 
normal pregnancy level, (page 4, lines 30-31) 
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As claimed in claim 7, in some embodiments the detemiining that the woman is at risk of 
developing pre-eclampsia or determining that her fetus is at risk of developing lUGR comprises 
determining that the woman has an increase in the ADMA/symmetric dimethylarginine 
(ADMA/SDMA) ratio that is greater than the normal pregnancy ratio, (page 5, lines 11-14) 

As claimed in claim 8, in some embodiments the method comprises determining that the 

ADMA/SDMA ratio is at least 5 times more than the normal pregnancy ratio, (page 5, lines 22- 
23) 

As claimed in claim 1 1, in some embodiments the method further comprises carrying out 
Doppler waveform analysis of the uterine arteries and/or flow-mediated dilatation of the brachial 
artery in the woman, (page 7, lines 13-16) 

VL GROUND OF REJECTION TO BE REVIEWED ON APPEAL 

Whether claims 1 and 6-8 are unpatentable under 35 U.S.C. § 103(a) over Holden et al 

{Am J Obstet Gynecol 1998; 178(3):551-6), Ellis et al {Acta Obstr. Gynecol 
2001,80,602-608) and Boger (WO 20021 14873, 2/21/2002). 
Whether claims 1 and 11 are unpatentable under 35 U.S.C. § 103(a) as being 
unpatentable over Holden, Ellis and Boger as applied to claims 1 and 6-8, and 
further in view of Albaiges et al {Obstet Gynecol 2000;96:559-64) 

VII. ARGUMENT 

A. Standard of Review 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance v^ith the Administrative Procedure Act, 5 U.S.C. §706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
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findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In In re Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks 
w^hether a reasonable fact finder could have arrived at the agency's decision." Id, at 1312. 
Accordingly, it necessarily follows that an Examiner's position on appeal must be supported by 
"substantial evidence" within the record in order to be upheld by the Board of Patent Appeals 
and Interferences. 

B. Rejection under 35 USC § 103(a) 
1. Claims 1 and 6-8 

Claims 1 and 6-8 were rejected under 35 U.S.C. §103(a) over Holden et al {Am J Obstet 
Gynecol 1998; 178(3):551-6; Exhibit 1; "Holden"), Ellis et al {Acta Obstr. Gynecol Scand 
2001,80,602-608; Exhibit 2; "Ellis") and Boger (WO 2002/114873, 2/21/2002; Exhibit 3; 
"Boger"). 

a) The References 

Appellants recognize that the rejection encompasses a combination of the aforementioned 
references but nevertheless describe their teachings herein to reflect if or how their separate 
disclosures could be combined by one of skill in the art. Applicants address the combination of the 
references in Section VII.B. 1 .b. 

Claim 1 concems a method of determining that a pregnant woman is at risk of developing 
pre-eclampsia or that her fetus is at risk of developing intrauterine growth restriction (lUGR), by 
measuring asymmetric dimethylarginine (ADMA) in a plasma sample taken from a pregnant 
woman at 23 to 25 weeks gestation; the woman is at risk of developing pre-eclampsia or her fetus is 
at risk of developing lUGR if the level of ADMA in the sample is greater than 1.5 ^imol/L. Claims 
6-8 are dependent claims of claim 1. 
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Holden discusses ADMA levels in second and third trimester normotensive women (0.52 =b 
0.20 |imol/L for the second trimester), Holden refrained from investigating ADMA levels in second 
trimester women yet determined in the third trimester that women who had been previously 
diagnosed with pre-eclampsia had ADMA levels of 1.17 ± 0.42 )jmol/L. The skilled artisan would 
be taught from Holden that a pre-eclamptic woman has ADMA levels of 1.17 ± 0.42 |amol/L or 
higher in the third trimester. Holden does not teach anything about the levels of ADMA in women 
who are at an earlier stage of pregnancy and/or who are at risk of developing pre-eclampsia. 

Concerning Holden, the Examiner states in the Final Office Action mailed December 9, 
2010 ("the Action"; Exhibit 4), that Holden determined the level of ADMA to be around 0.52 to 
L17 during second trimester (first Une, page 3 of the Action). This is not completely accurate, as all 
Holden demonstrates is that normal second trimester women were 0.52 |Limol/L and pre-eclamptic 
third trimester women were 1.17 i^mol/L (Appellants remove standard deviation for brevity). The 
Examiner also inaccurately characterizes Holden as stating that . .pregnant woman have [sic] pre- 
eclampsia if ADMA in the plasma sample is 1.25 gmol/L [^-zc]..." (the units are |Limol/L); it is 
inaccurate because Holden states that the plasma ADMA concentration for third trimester pre- 
eclamptic women was jJ/Z \xmo\lh (p. 554, left col), not 1.25 |amol/L. In addition, the Examiner 
states on page 3 of the Action (line 5) that any ADMA level greater than 0.75 jimol/L would have 
pre-eclampsia and notes in the Interview Summary having a notification date of July 14, 2011 
(Exhibit 6) that such a calculation derives from the teaching of Holden and is explained on page 9, 
line 4 of the Office Action mailed on September 22, 2009 (Exhibit 7). It is not clear to the 
Appellants how this is determined by the Examiner. However, such an extrapolation at least in 
Holden is irrelevant, because Holden teaches that pre-eclamptic women have ADMA levels of 1.17 
=t 0.42 |imol/L or higher hi the third trimester and is silent about any possible levels in the second 
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trimester for ascertaiiiing risk for pre-eclampsia, particularly during the very specific weeks of 23- 
25 weeks gestation. 

The Examiner notes that Holden fails to teach determination of ADMA level at 23-25 weeks 
of gestation and looks to Ellis for the deficiency. Ellis reviewed levels of ADMA and symmetric 
dimethylarginine (SDMA) in mild pre-eclamptic patients compared to severe preeclamptic patients 
and determined that "Symmetric, but not asymmetric, dimethylarginine correlated to the severity of 
the condition." (emphasis added; Abstract). In other words, Ellis did not measure ADMA and 
SDMA predictively, only comparatively between normal and pre-eclamptic patients. Given this 
and the fact that Ellis teaches that "SDMA increased more than ADMA..." (page 607, right col.), 
the skilled artisan would be motivated on the basis of Ellis to employ SDMA levels (over ADMA 
levels) to more easily identify th e presence of pre-eclampsia. The skilled artisan would not be 
motivated based on Ellis' teachings to determine ADMA levels and use them to predict whether or 
not a woman is at risk of developing pre-eclampsia, so EUis would not be considered alone or in 
combination with any other reference to achieve the claimed invention. 

In any event, Ellis discloses ADMA levels of 0.51-0.82 |imol/L {no less, no more) in pre- 
eclamptic women between 24-32 weeks of pregnancy (see Fig. 1). It is noteworthy that the 
Examiner makes the same statement on page 3, line 22, of the Action about Ellis that is made 
regarding Holden, namely that they allegedly teach ADMA levels greater than 0,75 |j,mol/L 
associated with pre-eclampsia, yet this is also inaccurate. The Examiner considers Ellis to differ 
from the claimed invention by ''not measuring the ADMA level in non pre screened pregnant 
women" and refers to Boger, but Soger makes no mention of measuring any level of plasma 
ADMA in pregnant women during any stage of pregnancy, let alone suggest a level of 1.5 ^imol/L 
or greater at a stage of pregnancy from 23 to 25 weeks. 
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b) The Combination of References 

Appellants assert that the claimed invention is patentable over the combination of 
references, because the combmation does not teach, suggest, or provide motivation to modify the 
references to achieve the claimed invention. The Examiner contends on page 3 of the Action that it 
would have been obvious to combine Holdeti, Ellis, and Boger for measuring ADMA levels in 
detecting risk for pre-eclampsia for a woman at 23-25 weeks gestation. In particular, on page 4 of 
the Action the Examiner considered that one would have had reasonable expectation of success for 
the combination, because both ElUs and Holden taught methods of measuring ADMA plasma levels 
to determine a risk for pre-eclampsia and, furthermore, that the combination of Ellis, Holden, and 
Boger would have resulted in determining risk if the ADMA level is greater than normal, as 
allegedly suggested by Ellis. 

To establish aprima facie case of obviousness, the prior art references when combined must 
teach or suggest all the claim limitations. The teaching or suggestion to make the claimed 
combination and the reasonable expectation of success must both be foimd in the prior art, and not 
based on appUcant's disclosure. In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). The 
Holden, EUis, and Boger references at the very least fail to suggest or teach to make the claimed 
combination. Obviousness requires a suggestion of all the elements in a claim {CFMT, Inc. v. 
Yieldup Int'l Corp., 349 F.3d 1333, 1342 [68 USPQ2d 1940] (Fed. Ck. 2003)) and "a reason that 
would have prompted a person of ordinary skill ui the relevant field to combine the elements in the 
way the claimed new invention does." KSR Int'l Co. v. Teleflex Inc., 127 S.Q. 1727, 1741 [82 
USPQ2d 1385] (2007). As discussed below, the skilled artisan has no reason to combine the 
elements based on tiie combination, because they are incompatible. 

Appellants provide the illustration below to highlight how differences between the 
references m the combination and differences with the claimed invention render the claimed 
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invention patentable under 35 USC §103(a), at least because the combination would require 
modification of one or more of the references to be unsatisfactory for its intended purpose, then 
there is no suggestion or motivation to make the proposed modification. In re Gordon, 733 F.2d 
900, 221 USPQ 1125 (Fed Cir. 1984). 
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As illustrated, the combination of Holden and Ellis are mutually exclusive with each other 
and also with the claimed invention, because they teach measurement of incompatible non- 
overlapping ADMA levels (1.17 |imol/L vs. 0.51 to 0.82 |amol/L vs. greater than L5 jjmol/L). The 
skilled artisan would not obtain "greater than 1.5 ^imol/L" from teachings of 1.17 ^imol/L or 0.51 to 
0.82 |Limol/L. These are irreconcilable values, and the skilled artisan would not know which value 
to modify for the combination and whether the level should be raised from 0.82 |imol/L or reduced 
from 1.17 pmol/L, for example. One would have no reasonable expectation of success if the 
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combined references are incompatible and give the skilled artisan no guidance which of the 
references would be prevailing. 

Furthermore, the skilled artisan would not include Holden's teachings in relation to the 
claimed invention, because it has mutually exclusive gestational windows for the third trimester 
with the claimed invention's requirement for 23 to 25 weeks. The skilled artisan would not be 
motivated to alter Holden for such a clear violation of its teaching. The skilled artisan from the 
combination of references including at least Holden would not know whether to monitor pre- 
eclampsia in the second trimester or third trimester. 

The Examiner argues that Ellis' teaching ADMA level of 0.8 |Limol/L would lead the skilled 
artisan to assume that a higher level of ADMA would put the woman at risk of developing pre- 
eclampsia (page 6 of the Action). However, Ellis must be considered in the conflicting combination 
with Holden and Boger, so would the combined teachings be at or around 1.17 |amol/L, within 0.51- 
0.82 lamol/L, or greater than 0.8 jxmol/L, and would it be in the second or third trimester? Li any 
event. Appellants assert that the representation is not necessarily correct, as Ellis' tested gestational 
period of 24-32 weeks is outside the claimed invention of 23 to 25 weeks. Furthermore, even if the 
skilled artisan would assume that levels higher than 0.8 |amol/L would suggest a risk of pre- 
eclampsia, there is no indication in the combination of references at which level the risk would be 
indicative. Would it be greater than 0.9 iLtmol/L, or more? Is there a threshold? The skilled artisan 
could not be aware of the limit of the level other than what is provided by the specification, so this is 
improper hindsight reasoning, and under KSR the skilled artisan must have a reason to modify the 
references in the combination to achieve a particxalar ADMA level. 
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2. Claims 1 and 11 

Claims 1 and 1 1 were rejected under 35 U.S.C. § 103(a) as being unpatentable over Holden, 
Ellis and Boger as applied to claims 1 and 6-8, and further in view of Albaiges et ah (Obstet 
Gynecol 2000;96:559-64; Exhibit 5; "Albaiges"). Claim 1 is referred to above, and claim 11 
concerns the method further comprising carrying out Doppler waveform analysis of the uterine 
arteries and/or flow-mediated dilatation of the brachial artery in the woman. Albaiges concerns use 
of Doppler diagnosis of pre-eclampsia. AppUcants note that claim 1 is included in the rejection with 
Albaiges, but claim 1 lacks any element concerning Doppler waveform analysis. Albaiges fails to 
add any teaching of pre-eclamptic ADM A levels to the combination of Holden, Ellis and Boger. 
VIIL CONCLUSION 

Appellants respectfully submit that the rejected claims are patentable over the cited art 
for the above-argued reasons. Appellants request that the Board of Patent Appeals and 
Interferences reverse the rejection of all claims. 

Respectfully submitted, 

/Melissa L. Sistrunk/ 

Melissa L. Sistrunk 
Reg. No. 45,579 
Attorney for Appellants 

FULBRIGHT & JAWORSKI L.L.P. 

1301 McKinney, Suite 5100 
Houston, Texas 77010 
(713) 651-3735 
(713) 651-5246 (facsimile) 

Date: September 8,2011 
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IX. CLAIMS APPENDIX 

I . A method of determining that a pregnant woman is at risk of developing pre-eclampsia or 
that her fetus is at rislc of developing intrauterine growth restriction (lUGR), which method 
comprises: 

(a) measuring asymmetric dimethylarginme (ADMA) in a plasma sample taken from a 
pregnant woman at a stage of pregnancy from 23 to 25 weeks gestation; and 

(b) determining that the woman is at risk of developing pre-eclampsia or her fetiK is at risk 
of developing lUGR if the level of ADMA in the plasma sample is greater than 1 .5 |j,mol/L. 

6. The method of claim 1 , wherein determining that the woman is at risk of developing pre- 
eclampsia or determining that her fetus is at risk of developing lUGR comprises determining that 
the woman's ADMA level is at least 3 times the normal pregnancy level. 

7. The method of claim 1, wherein determining that the woman is at risk of developing pre- 
eclampsia or determinmg tlmt her fetus is at risk of developing lUGR comprises determining that 
the woman has an increase in the ADMA/symmetric dimethylarginine (ADMA/SDMA) ratio that is 
greater than the normal pregnancy ratio. 

8. The method of claim 7, comprising determining that the ADMA/SDMA ratio is at least 5 
times more than the normal pregnancy ratio. 

II. The method of claim 1, further comprising carrying out Doppler waveform analysis of 
the uterine arteries and/or flow-mediated dilatation of the brachial artery in the woman. 
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X. EVIDENCE APPENDIX 

Exhibit 1. Holden et al {Am J Obstet Gynecol. 1998; 178(3):551-6, made of record by 
the Examiner in the Office Action mailed October 18, 2007 

Exhibit 2. Ellis et al (Acta Obstr. Gynecol Scand 2001,80,602-608, made of record by 
the Examiner in the Office Action mailed February 20, 2009 

Exhibit 3. Soger, WO 2002/114873, made of record by the Examiner in the Office 
Action mailed February 20, 2009 

Exhibit 4. Final Office Action mailed December 9, 2010 

Exhibit 5. Albaiges et al {Obstet Gynecol 2000;96:559-64, made of record by the 
Examiner in the Office Action mailed June 23, 2010 

Exhibit 6. Interview Summary having a notification date of July 14, 201 1 
Exhibit 7. Office Action mailed on September 22, 2009 
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Plasma Goncenlrat^ of asymmetric dimethylarginme, a natural 
inhibitor of nitric oxide synthase, in normal pregnancy and 
preeelmpsia 



CJ8JECT1|fir Ws feive^^l0«l ^ cJ^tf^ In the j^a«a c«mcirtoto of as)ffim^c dimttt^^rglnme, an 
6r«ioi8ii(»^ ii^llor of rWe ceW© sptiase. In early-, n^d-, and late-i^sMon rwiHJ^^ve prngnancles 

smUY 01SI0fi: Blood pressure ami peilptoai ptodm iH^mnMIc #m€AhyiiH#)INi €ono(»^tsiim were 
measi«Bd In 20 n<»ip^tnt and 145 pragmnt mmmt (33 tR^-«m^t^, m ^otmd-felm©^, ami 44 tfi^ 
tifmesler mmomsive prngnsmdos and 18 thlrd-^imester pre§niMK^es complicated by preeclampsia). In 23 
nonnQt^nsi^pnspiar^os serial p^mm asymmeUiccnmathyJarginlne com^ntrations were measured, 
Stalb»Sc^i»fldly^8 was &y ei^rfy^ of varl^^ and linear re§mssk>n. 

RE0OLt$: The blood f»^isuies laconted Ihwih^ noniial pn^naicy were sigi^ncmUy lower than in non- 
pi^gnant sulifeots (p< 0,mi). Ih^mmm^^^^^^^^^ sv^n^ ^ood premima wems^^^lcamiy 
ngtm In «ie secx»KMrfm€«ter groups than in the in^-frim^ti^ groups, wh^^as In the tWrd Wmester aver- 
se ami diastolic blood frossu^ sl^cantly hl§h^ ^an In me second fetnmst^. The mean (^SD) 
syst<:icanddlasWcbkKKlpressun^lnm^d-^mester);:^ee<^^TU^c^ 110,9t 
8 J Him Hg» Hie nmm ptemm a^mmeiric dlmethylar^nlne conc^tration In rK>r^)r^nam women was t3,02 
±0,31 |im8^(«tenfftowi% in m»fm^w^ive pr^nancy, p < 0.<K)01). Tfm plasma asyirrni^dl- 

methyfer^^ ccmc^traaon was S^^^k^l^ IrlMMH^Piian In fln^rrie^iw. 
motensive groups (respectively, i d.lB nmoVL, p« 0.001) and ^ higher in 

IWWInMBimmiotenslve pr^nanoylWb 0.23 ^mt«m. man It In the second trfme^er. The asynv 
metric dimethyla^ne cc»icenlnitkm In thkd-trfenester piw^amptlc p^Umts was 1 .17 ± 0,42 pmoW. (p < 
ac^OI w normo^i^ thlrd^rlin^^l^ si^^s). 

lijN6LilSi<^: It ls w^l rea3pr*Eed that Wood p^aire f^^^^ nom^a pi^nanqy aid rises again to- 
ward twi. fl*i^ies show Wiy Mfkls^p mmm^f^ ^ m^mmm^ ^ 
plasma asymmetric dlm^n^rglnfne omcen^tkm. Uter In pregimcy drcula^g ^er^^ 
aridv^n pegnam^ is complicated by pmedampsia, concemrattos are h^her diltti In «ie mwipregriaij* 
SIdlft <pur c^la support a role fcsr bolh asynwietric dknelhylar^^ n^e tMc oxide in the changes in bliopd 
pi^mseein In b^ r^)rmalan<| pre^amf^c pregnancy, (Am J Obstet G^ecc^ 1998;178:^1-6J 

worcl^ Nllric Oxlde^ dtiUMglhyJargtelne. pii^giuiricy (tHiman) » bloo^ pressure, preeclam]^ 



In spite of advanass in pertnatal cai^ pr^lampsla re- 
inalm a major caiise of maierm) and neonatal m<Ht>ldlr!r 
and mortality. Although the elldlogy of preeclampsia re- 
mains obscure* there Is Increasing evidence that Its 



Mn Ox IkfmfnmU i^ C^ St Ceofges 

^^f^ifmt a 0mu ffm ^^^^ ^ Ohtefrkktm 

mti Cpme&xk0^ mdbf the British Htm Bmm^Um, (he Wdhme 

mcdivHS fm'in^kBtkmMayZ, m?: revised Jum 26, l9Br:m:^i€^ 

jui/23. mz 

Sk^-^^t /egtmts: A JHoidm, MB, BS, Ikimrimmi &f (kUuktr and 
^^kcuiar Scimces. 55f. (kf^g0lit Jhi^^ Im^, 

mmdKir^ swnom 
mmm8 ssM * 0 wimm 



pathophysiologic basis is the activation of, and damage 
to, the maternal v«K?uiar entkHlielium, Various authors 
have shown that ptema or ^rum from pregnancies com- 
plicated by preeclami^ia contains increased concentra* 
tions of markers fCM* vascultar endothelial damage such as 
fibronectini and InterceHular adhesion molecules*^-^ 

Preeclampsia 1$ characteilz^ by v^ospasm and a Icm 
<if the nomnal pregnancy-assc^ated insensltivlly to pres- 
sors.^ Reimtly inuch work has focmed on the role of ni* 
trie mide, a I5ree radii^ gas vs^tH tmivi intracellular and 
intercellular signaling functions, in the maintenance of 
normotemlor^ in pregnancy. Nitric oxide Is synthesis^ 
from t-arglntne by the enzyme nitric oxide synthase, 
which exfc^ as three if^forms. two of which are constitu- 
ti^iy e«prei^ end r^l^pcmid to i^on^ stImulaUon 
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Table L Patient details and blood pressure measurements 













PitedsaopslB 
t»'i9 


Age W 

Gestational age (wli) 
^stolicW (mm Hg) 
Di«sioilcU»(pmiiHB> 


27.1 i^A) 
0 

1207 9.9 
709^9 


ZiM (5.1) 
0 

10.1 (1.4) 
100.9 (9.7)*« 
62.4(9.2}*^ 


29.0(5.1) 
0 

20.0 (2J) 
ULl (12.1) 
07.7(8.4) 


27 J (5.3) 
0 

32.6 (3.8) 
115.0(11.7) 
72.2 Q.3)§ 


2&4CB.I) 
0 

32.7(32) 
lS7.7(U2t 
1109(34)* 



VIdues given are niam ± SD. Afii Not appllpaA^ 
V< 0.M01, eo mp aied wldi mmpregnamyvahieii 

0.0002, compared with seoond^rfmester vidues. 

0.0001, compared with values in ^3^ other grcwps. 
Ipa 0.013. compered with second«lmesler values. 



changes In activity, whereas the third isoform Is induced 
In ra^KMise to inflainniatory cytokines. Nltiic oxide lyn- 
these is competitively Inhibited by guanidino*substituted 
arginine analogs. Including N^N^-dimethylargtnlne 
(aa^ymmetric dimethylei^glnine* ADMA) or N<^metliyl-L- 
arglnine (L-NMMA).S Both ADMA and I^NMMA are 
found In human plasma and urine,^ although ADMA Is 
present at a more than tenfold higher concentration. 

Rat and ovIne pregnane are associated with an in- 
crease In excretion of the breakdown products of nitric 
oxide and its i^ond messenger cyclic guanosine 
monophosphate (cGMP)7> ^ When nitro*L-arginine 
methyl ester, another competitive inhibitor of nitric 
oxide ^fnduse. Is administered lo pregnant rats* a condl* 
tlon similar to human preeclampsia ensues with hyper- 
tension, proteinuria, platelet activation, and fetal in- 
treuterine growth restriction. These dianges are hilly 
reversible alter administraUon of excess L-arglnine, sug- 
gesting that impaired nitric oxide production is a k^ fac~ 
Although the data from human pregnancy are con- 
flicting owing to methodologic difficulties, there is 
evidence for Increased nitrite and cGMP excretion in (he 
urine in at least one pregnant population.^^ In a prelimi* 
nary report we have shown that the concentration of 
ADMA in fdasma taken firom thlrd-tHmester nmnoten- 
sive pregnancies Is lower than that In either nonpregnant 
controb or In pregnancies complicated by 
preeGlamp8ia.^i We have suggested that changes In the 
circulating concentration of thfo compound oould be im* 
portent In the pathophysiologic mechanisms <^ 
preedan^psia through a reduction In nitric oxide synthe- 
sis. We report here the changes in the plasma concentra- 
don of ADMA with Increasing gestation^ a|^ in normal 
pregnancy and the relationship l>etween these concen- 
trations and gestaUofial changes in blood pressure. We 
have dso measured the plamta ADMA concentrations in 
a larger group of pregnancies complicated by preeclamp- 
sia to assess further the differences between values In 
these patients and those in normotensive pregnant 
women and h^lthy. nonpregnant control subjects. 



Methods 

Subjects* The patients participating In this study were 
recruited firom the antenatal clinics ac^ die inpatient 
wards at St (}eoige*$ Hospital. All subjects gave informed 
consent and the study protocol had the approval of the 
tocal Ethics (lommittee. Preeclampsia was defined by the 
criteria of the U.S. Nadonal Institutes of HealOi Woridng 
Group on Hypertension in Pregnancy: all patients were 
inimi^^d, wiUi proteinuria of ^.3 gm per 24 hours 
and with Mood pressures consistently >140/80 mm Hg. 
No patient had preexisting l^fpertenslon or proteinuria 
and all became normotendve by the &week*po5tpartum 
check. At the time of blood sampling, no patient in- 
cluded In the preeclampsia group had received ariy anti- 
hypertensive medication. All blood pressure recordings 
were made with a standardized technique. The subject 
was friaced In a semirecumbent position, and with use of 
an af^ropriate size cuff and mercury sphygmomanome- 
ter blood pressure was measured tiy auscultation over the 
rigitt brachial artery. The diastolic measurement was Uiat 
pressure coinddli^ with the fifth Korotkoff sound. 
TVventy-three normotensive pregnant women were stud- 
ied in both the second and third trimester. All others 
were studied once at the stage of pregnancy Indicated. 
Nosutject included in the studly was in labor at the time 
of sampling. The outcomes of all pregnancies defined as 
normoten^ were verified as normal. The control sub- 
jects were healthy, nulllparous, nonpregnant women vol* 
unteers horn the department who did not smoke and 
were not tiddng oral contraceptives. Blood pressure mea- 
surements were taken at the time of blood sampling for 
the nonpre^iant volunteers and dose to the time of sam- 
plif^Cwhteh was at rouUne antenatal dirdcvtells) for the 
normotensive pregnancies. Most preedampdc patients 
were recruited to the study from the antermtal ward, at 
iMdi time their blood pressure (in common with the 
nonpregnant subjecU and most of the normotensive pa- 
tients) was measured l>y one of the authors (D.P.H.). 
Where preeclamptic patients were recruited from the 
labor ward or from the obstetric highKlependency unit. 
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ihe blood pressure measured by an experienced rrildwife 
using an Identical technique and recorded on observa- 
tion chiiru closest to the Utne of bidOd satnplini was 
used. Where two blood pressure recordings iii^i^ noted 
for an antenatal visit both were incJuded, Mean arterial 
blood pressure (MAP) was defined as the diastoiic value 
plus one third the pulse prcKssure. 

Sanipic collectim A biood sample (4 ml) for the mea- 
surement of plasma concentmtjons of ADMA was taken 
into ediylenediaminetetraeetic acid (EDTA) {0.054 ml of 
0,34 mol/L EDTA) at reGrultment After centrifugation 
the plasma was stored at -20* C until as^yed. 

Analysis ef samples. All chemicals were purchased 
from Sigma Chemical Company (Poole, Dorset. United 
Kingdom) and were of tiiglt- pressure liquid chromato- 
graphic or analpc grade. Samples were extracted as pre- 
viously doscnbed.5AiiqiiGts (1 ml) of plasma were loaded 
onio precondttioned, 2 ml Bond Elut benzene sulfonic 
acid columns (Anachem. United Kingdom,). The dl- 
methylarginines were eluted with 50% ammonia in 
methanol and evaporated to dryness at 130** C under ni- 
trogen. The plasma duate was redlssolved in 1 ml of dis- 
tilled water and added to a similarly preconditioned 
Bond Elut carboxylic acid column. The dimethy- 
larglnine* were eluted with 10% ammonia In methanol 
and again evapoi^ted to drynisKS. The samples were re- 
constituted in 100 jLtl of distilled water, centrifuged at 
12»000^ for 5 minutes* and the supernatants were re- 
molded for analysis. 

Identification of dimcthylarginlneswasby higlvperfor- 
liquid chromatography. Separation of ADMA and 
its symmetric isomer was achieved by injecting 20 |il of 
the extracted sample onto an CDS Cjg analytic high-per- 
formance liquid chromatography column (Spher^^rb, 
Fhasesep) with use of an ion pair-based mobile phase, 
Absprbance of the eltiate was determined at 200 nm. 
Concentrations of ADMA In the samples were deter- 
mined by computerized integration of peak area and 
comparison with l^nown standard solutions. These con* 
centratlor^ were corrected for exiraclion efficiency, esti- 
mated by the addition of 10 J.lg of L-NMMA added to 
each sample befort? the extraction procedure, Interassay 
and Intraassay variation was <5%. Staiistieai analysis of 
the results was per formed with use of analysis of variance 
with the Studeni~l^i»flMn-Keuls post hoc 1^ and llneur 
regression an0^. Sti^tsil«^is^^ wsds assumed at 

the 0,05 level 

l^atient details are shown in Table I. Throughout nOr- 
motensive pregnancy systolic, diastolic, and average 
blood pressvires were significantly lower than the values 
obtMned in the nonpregr^nl contnols ifi< d,CW} 1 . Fig. 1 ^ A, 
and Table 1). Within the normal pregnancy group aver- 
age and diastolic blood pressures ware signincantiy 
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Bg, L A, MAP Imm t SiD) in nonpregnjim vcHunieers {MP, a » 
20); flm-trl*rr«ss^Gr {n^ Zt) , s€5c6rKl»trfmesior (/i « 50), and third* 
tri^t^ter in ^ ^Xtymm^^^ vwamen: and^^'few^ 

irlii^er pi^gnancles compHcated ^y pn»t^mpsstt (PJ^. n ^ 
1$)* In compansm) with nonpregnant sub]eas« tm mtmi^, p < 
0.0001: mterisk, 0.03a B. Mean (tSD) plasma ADMA conccn^ 
iraiioii in sainc study groups. In comparison with nonpregnant 
group, tlnvo Qsierisks, /;< 0.0001 ; mo asterisks, 0,0006: mtertsk, p 
« 0.005. 

gitjater in the second trimester than in the llrst trimester 
(p» 0.0001 and />« 0.013. respectively) and in the third 

trimester than in the second trimester ip = 0.005 and p - 
0.013, respectively). Systolic blood pressure was also sig- 
nificantfy higher in the second trimester than in the first 
{p e 0.0002) and, although higher in the third trimester 
than in the second trimester, this did not reach statistical 
signiricance. 

The plasma ADMA concentration (mean SD) of 33 
nmHrtmester pmgnanci!^ vi^s 0.40 ± 0.15 i.tmol/L. This 
was signincanily lower than in both the nonpregnant 
control group (0,82 ± 0.31 |imol/L (p< 0,0001) and the 
second*irimester group of nor mo tensive pregnancies 
(0,52 ± 0.20 ^moi/L. p « 0,003). The mean plasma 
ADMA concentration was also higher in the third- 
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trimester ^roup than In the second-trimester group (0.58 
± 0.22 lUmsi/L) although this did not reach ^tistical sig- 
nificance ata 5% level. The mean plasma ADKffA concen- 

^la^toiciii^rf&p^edamfi^c sul:>}«cts Ml ± 0,42 
paiilMp^i%nltan% gr^mter than botih^^^^nncHen- 

In the prospective J^udy of 23 healthy nonnotensive 
pregnancies (Ftg* 2) mean plasma ADMA levels rose 
from 0.43 1 0.24 jjUiidl/L in the second trMfin^er to 0.^ 
1 0J8 ^mol/L in the third trimester (p« 0.0001). Linear 
r^iBssfon analysis indicated that these changes in the 
plasma ADMA concentration within individual subjects 
were not correlated with changes i|i hematocrit (|2 « 
O,0S.p«O^5,Fig.3). 

The correlation between individual plasma ADMA 
concentratens and the systolic and diastolic and MAPs 
(1^ 4) fen our nonpregnant and normoteni^ prei^nt 
peculations was highly significant (/? » 147, p < 0.0{K)l). 
The coefficient of conrelaaon. fin for the three relation- 
ships was, respec^ve^, 0.25. 0.27 and 0-26, If the 18 
pteeclamptic subjects were included in the analysis, the 
correlation remained highly significant (n « 165, />< 
Q.ttKIl), wher8/»( the cc^PRkJient of correlation, fi, for 
^ch blood pressune pmiliih^r v^i^ plasim ADMA am> 
c^trottoi kicreased to 0.41^ 

Cardiac outptt lnar«»i^ 1^ appf^imat% IS L/nte 
in the first trimester of pregnanqr, whereas the dia^llc 
blood pre^re fails by an average of 1 5 mm Hg to a nadir 
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J% 3. Unear regression ansUy^ perosntage chun^ In hema- 
umit versus dhm^e in plasma AE^A concentration for si^jects 
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at 16 to ^ weeks* gestation* after wto:h it rises toward 
pp^^jF^rjrmmsjf values by tom^^ This fell in MAP is ac- 
miti^lWhM tocHigh a reduction in pedf^ieral vascular 
r^is^nc^ and a relative insen^tivlty to the elevated cir* 
culating concentrations of pressor agents such as an- 
gloteru^ UJ^ Hi^ imansltivll;y tm^ In part be rda^ to 
Increased circulating concenli^tiom of progesterone, 
acting perhaps through the stimulation of vasodilator 
prostaglandin productions^ Another candidate vasodlla* 
tor is nitric oxide. There is good evidence In animal 
pr^nianc^ that the nitric oxkle j^^iase activity of vascu- 
lar lissues is increased.*^ In human pregnanq^ lack of 
control for dietary variation makes similar ol^rvations 
mom cUfflcidt; howevar. stiidli«s il^^ mi^ei^ed a prc^ 
bie increase in Ute nitric oxIde-cGMP pathway. Xhus 
the regulation of natusially occurring inhibitors of nitric 
oxide synthase activity could play an Important role not 
jus$ in the control of p^pheipl vascular resistance (and 
tiietiefore blood pres^rer) lm i^iiiml pr€^;nan<^ but also 
In the pathologic altem^bi^ liri bk^ pfi^^im In 
ppeedamptic toxemia* 

M^I^IA Is a g!C>£Hi ^ndldaiM9( as a pt^i^olo^c regulator 
of nitric oxide synthase* Of the two naturally occurring 
methyls^g^ines identified in biologic fluids that inhibit 
nltHc 09dde ffhttme iK^tM^, ADNfA is present in at least 
a tenfold greater concentraUon. ADMA is released from 
vascular endothelial cells cultured In vitro In addition 
to its Inhibitory effect on nitric oxide synthase, have 
shom^H^st it competes with L*aaqglnine transport across 
endc^hellal cell men^ran^** and thi«! ma^ alw nitric 
oxide pHKluction by reducing arglnlne avallablM^. The 
enipyme methyltrarisferase I may be involved in ADMA 
synthei^ by methylation of L^arglriine In cidluiar pro- 
teln.i^ A speclHc cataboltc etmyme that metabolizes 
ADMA to cltniUlne (which has no ablHl^ to Inhibit liltrlc 



^Uttmei78.Niimb6r3 Holdenotal, 555 

AmjObstet Gynecol 



oxide ^thase) has also been identifled In human tis- 
sues. It is noteworthy that this en^me, dimethyiarslnine 
diaminohydrolase. has been found to colocallze with 
sites of nitric oxide ^thase expresslm. including vascu- 
lar endothdial cells and placenta.^ 

Our results indicate that tlie reduction in plasma con^ 
centratlon of AEMA seen in nmnotenslve prqpnanqf is 
accomplished 1^ the end <^ the first trimester. 
Circulating plasma concentrations reflect tite balance be- 
tvveen the rates of ^ndiesis and release of ADMA from 
ceQs. its r^ptake into cells, and Its metabolic clearance. 
In the absence of data on changes in these rates. It Is dif- 
ficttit to be certain of the mechaidsms behind the 
dianges in piasma concentrations rqKxrted. The observa- 
tion that the increase in ADMA concentration between 
the second and third trimesters In pro^sective studio did 
not comiate with changes in hematocrit suggests that 
the incnm is not the resiOt of iterations in circulating 
blood volume. Notwithstanding these caveats and the use 
of» for die most part, single measures of blood pressure 
and AEttilA it Is noteworHv that thm is a statisticaqy s|8^ 
nificant correlation between the plasma ADMA concen- 
tration and blood pressure at aO stages of normal pt^g- 
nonqf. 

We have shown that the circulating concentration of 
ADMA is high in third^mester preipiancies compli- 
cated by preeclampsia. Given diat endothelial ceUs may 
both release and take up ADMA, it is difficult to be cer- 
tain what the dUUnnences in drculaticm AEMA concentra- 
tion reflect at the actual sites of its actions. Studies with 
exogenous mediylarginines indicate that the concentra- 
don differences measured msQf well be pathologically rel- 
evant. For example, intravenous infudon of L-NMMA 
(which Is equlpotent to ADMA) In human subjects with 
septic shock achieves a rise in average blood pressure of 
2096 at a plasma concentration of 3 (tmol/L L-NMMA.2I 
In addition, we have shown that 2 pmol/L ADMA signifi- 
cantly InhiblU nitric oxide production in cell culture.^^ 
wheiw Rutherford et al.^ have shown that purined 
constitutive nitric mdde ^thase binds ADMA with hi^ 
alllrdly (inhibition constant for inhibition of N^^-nitro^- 
arglnlne binding 649 nmol/L). indicating the potential 
rdevance of submicromolar dianges In local ADMA con- 
centration. 

The on^ other data of which we are aware on plasma 
ADMA concentrations in pregnancy have been obtained 
in the third trimester of Andean Ecuadorean patients 
with a high prevalence of preedamp8ia.><> With use of the 
same assay technique the values in nonpr^ant women 
were identical to those in the current study; there was, 
itowever. fK> reduction In normal pregnancy and the val* 
ues for the preeclamptic patients were no different It is 
possible that the pathophysiologic mechanisms of 
preeclampsia are different in South London patients at 
sea level This is supported by the fact that the plasma 
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atrial natriuretic factor concentrations in the Andean 
preedamptic patients wrere no dlflerent from normoten- 
lOm pr^nanqr values m indeed, those of nonpr^nant 
women, residts that are at odds with other data.^ 

The gestational changes in plasma ADMA concentra- 
tion that we have demonstrated both in normal and 
preeclamptic pregnancies may reflect an important 
method of regulating nitric oxide production. Further 
studies are required to elucidate the mechanisms unde^ 
jjbig the changes in ADMA concentration during preg- 
nancy. Data from prospectively collected samples are nec- 
essary to determine whether the changes in ADMA 
concentrations predate the clinical changes of 
preeclampsia and therefore support an etiologic role or. 
indeed, a dinically useful predictive role. From an etio- 
logic point of view, samples taken early in the Hrst 
trimester, when secondary troplioblast invasion Is occur- 
ring, wouki be of particular intmst 
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Levels of dimethylarginines and cytokines in 
mild and severe pr^lampsia 

Joy Ey.is. UaA^Bmr WmmmHOiM, Anders feeNaTssoN, HAkan Uua, Anders Pettebsson, Bo Sultan, 
mm^mmAViBmm^nmmo Wehrik Hagbiers 

Ftm the PeifnattiC«ntfn DepaTWents OlJStetrfes and Qynec^oar. AnestT^lcHogy and Clinical Pharmac»logy, 
Sah^mnska Univer$ity Hos^^l, Qdlabois^ Smtkfn 
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Mekgtmmd The objmim wert 1 . 10 eVj^uatt if Oie efidc^not^ ^Irte oxMt t^lhase mhihU 
tor ajsyinpettric dinnJiliylar^ in mild and sevwforiws^Of l^i^ aiid 

1 to assess ih6 reiatlonsMp between dimeihylarginines and Ibe i^lkine r^ponse in preeo 

Methods, Asymmciric and symmetric dimcihylarginine were measured mth high performance 
liquid chromatography m women with mild (n^}3) and severe {n=32) preeclampsia and in 
normotensive pregnant controls (ii=20), Inierleukin*4, *6, ^, -ID and tumor nwosis factor- 
a were analyzed by immunoassays in women with mild (n^Z) and seveit (n= 17) preeclampsia 
and in normotensive pregnant controls (f?=14). The Mann Whitney U-test and Spearman 
Rank test were tjscd for statistical analysis. 

EesuUs. The plasma levels of dimethylargininc were increased in preeclamptic subjects. The 
t^^vation of symmetric dimethylargininc was more pronounced than that of asymmetric di- 
mcti^larginine. The coniK>l levels of lnterleukin-6, -8 and -10 w« significantly higher at 
term thaat at gestational week 32-36. Intcrleukin-6 and •S were significantly elevated in sub- 
jects vdCh severe^ but not mild^ pn^lampsia, whereas TNF-a and IL-IO were not significantly 
alteitd. %nmetaric dimctliylai^ritoe krvefe correlated siigpntficantly with arterial blood pressure 
and sertim levj^ of citatini^ tod mic acW* Omiethylarghaane levels in plasna wer^ however, 
not related to the cytdfcine nspome. 

Conclusions. Plasma conosntrations Of both a»ymm<«n€ and ^^Jtric dlmethylarginine were 
significantly elevated both in mild and se^re preeclampsia. ^^ISIW^ilWi«M^3«ilrt^!f 
^ ilffiahy^sdf^ Plasma lewis of interleukin-6 

and -8 weie also elevated in severe preeclampsia but no direct correlations were found between 
these cytokif^ and dimethy1arginin«j. 

Key words: asymmeiric dime%larginin^ cytokines; dimeUiyliarginlnes; priee^s»npsia; sym- 
metric dimethylarginine 



Many theories have been presented regarding the 
etiology and pathogenesis of pre^Iiraipsia, a mul- 
ti-faceted complication of pregnancy entailing con- 



Abbreviaiiam: 

A DM A: asymmetric dimethylarginine; AST: aspartate amino- 
transferase; ALT: alanine aminotransferase; BP: blood press* 



siderable fetal and maternal morbidity and mor- 
tality (1). Healthy primiparas and wonaen with 
multiple fetuses as well as women with underlying 
vascular iUness, such as diabetes, essential hyper- 
tension and systemic lupus erythematosis, are at 
higher risk of contracting this coniplication (2). 
Some individuals appear predisposed to preec- 



paired pJacentation; i.e. defective invasion of the 
uterus by the trophoblast (2-^). The vascular 
changes accompanying normaJ pregnancy, replace- 
ment of the spiral arteries' muscle and elastic tissue 
by trophoblast, resulting in progressive arterial di- 
lation and increased blood flow» aie less pro- 
nounced or absent. Impaired placentation may re- 
stilt in relative or absolute hypoxia, atberosis-Iike 
lesions in placental and systemic vessels and im- 
paired balance in immunological systems involving 
complement and cytokines. In a recent review, the 
hypothesis uras put forward that pregnane itself 
might be described as an inflammatory condition 
and that preeclampsia might be viewed as the re- 
sult of an excess of inflammatory stimuli, i.e. one 
extreme of a continuum rather than a separate 
pathological entity (2). 

Under normal conditions* cytokine levels may 
vary in diiTcrcnt compartments in the pregnant 
body as well as during different sta^ of preg- 
nancy, delivery and pucrpcrium. While some re- 
searchers ha\r observed elevated levels of various 
cytokines (IL-2. IL-I, IL-6, IL-8, TNF-o, IH2) 
and their respective itccpiors in amniotic fluid 
and/or maicrnal Wood both before and during ou- 
tset of-tJie^Jinical-manifestaiions-of-preecIampsia - 
(3-9), others have failed to obMn've such elevations 
or indeed obscrvrd the fr\erse (5, 7, 10-12). Some 
studies also report difTcreni c>iokine-response$ in 
different body fluids (13). This raises the issue of 
whether altered concentrations of various cyto- 
kines are a causie/mcdiator or a consequence of a 
pathological condition »uch as preeclampsia. 

Numerous stutiies (14-22) luive focused on the 
role played by nunc oxide (NO) and its synthesis 
inhibitors in these pathological processes. The 
amino acid L*argtnine is transformed into the 
amino acid citrullinc und nitric oxide (NO) by the 
enzyme nitric oxide s>iithasc (NOS). NOS is par- 
tially regulated by negativi; feedback by NO, but 
there are also othcf important inhibitors that are 
present endogenously in man like the competitive 
inhibitor asymmetric dimethyl arginine, ADMA 
(asymmetric N (G),N (G)-dimethyl arginine) (23, 
24). ADMA is synthetized fiom symmetric di- 
methyl arginine, SOMA symmetric (N (G), N'(G)- 
dimethyl-L-arginine) which also competes for L- 
arginine transport, but apparently does not block 
the enzymatic activity of NOS (25, 26). SDMA 
levels are elevated in end-stage renal failure, in di- 
alysis patients and in hypertensive children (27-- 
30). It is unclear whether this substance is merely 
an inert marker for some conditions involving re- 
nal dysfunction or if it is biologically active. The 
ADMA/SDMA quotient was found to be hi^er 
in preeclamptic subjects than in controls (22) 
whereas in uremic patients the ADMA/SDMA 
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ratio was lower than in control subjects (28, 29). 
NO*s role as a vasodilator, and consequences of 
NOS inhibition, have come into focus when the 
nathoeenesis of pieed^imrida i« HivoiiceAH, Hcv/ 

-1, uwvw uA«jrvvi a( Vila- 

parate conclusions. Some studies have shown a de- 
crease in NO and its metabolites early or late in 
preeclamptic pregnancies, and in such a scenario, 
an mcreased ADMA level may be of pathoplq^si- 
ological significance (22). Ftirthermore, NO met- 
abolism is linked to the cytokine network. Cal- 
cium-independent NOS can, for example, be in- 
duced by some cytokines, most noticeably TNF-a 
and IL-ip (31-33). Other qytokines have an inhibi- 
tory effect on N05, and synergistic effects of dif- 
ferent cytokine combinations have been suggested 

(34) . Furthermore, there is data indicating that 
NO may regulate production of some cytokines 

(35) . 

The aim of this study was to investigate the fol- 
lowing two hypotheses: 

1) ADMA levels would be higher in preeot. 
lamptic than in normal pregnancies whereas 
SDMA levels wouki be unaffected. 

and 

2) -^MA-1evels^wouia correlate nairecOy with 
levels of pro-inflammatory cytokines (IL-6, IL-8, 
TNF-4X) and inversely with anti-inflanunatory 
cytokines (11-4, IL-10). 

Methods 

Thirteen women with mild and 32 women with se* 
vere preedampsia participated and 20 women with 
normal, non-preeclamptic pregnancies were re- 
cruited as controls. Mild preeclampsia was defined 
as blood pressure (BP) exceeding MOW) but not 
exceeding 160/1 10, in the presence of significant al- 
buminuria (>0.3 g/24 h), with onset after 20 fuU 
weeks of pregnancy. Severe preeclampsia was de- 
fined as BP exceeding 1 60/1 10 and/ or albuminuria 
exceeding 5 g/24 h and/or laboratory results indi- 
eating affection of liver, kidney or coagulation sys- 
tem with onset after 20 completed weeks of preg- 
nancy. 

Women with multiple gestations, diabetes, hy- 
pertension or other underlying illness were ex- 
cluded. Controls were tested at four-week intervals 
beginning at week 24 and ending at term. Preec- 
lamptic participants were tested when the diag- 
nosis was made, when there was any deterioration 
in their condition and in connection with delivery. 
Samples from the patients with severe preeclamp- 
sia were divided into two gestational age groups, 
24-32 weeks (/f=12) and 36-40 weeks (n=19). On- 
set of mild preeclampsia occurred at the latter ges- 
tational see. thus csimnW frnm thic 
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Fig, L The plasma concentration (gmol/l) of ADMA in mM 
and severe preeclampsia at 24-32 (upper panel) un4 at term 
(lower panel). Data are given as n«^ian (range) and coifipari- 
sons versus control were performaJ by Mann*WW^ey U-lcst, 



tients were only taken at this stage in pregnancy. 
Patients gave informed consent after being pro- 
vided with oral and written information and the 
study vm approved by the Ethics Committee at 
G6teT>org University (no: 532-99). 

ADMA, SDMA, platelets, hemoglobin, creati- 
nine, uric acid, AST, ALT, systolic and diastolic 
blood pressure and urine dipstick wane tested at 
each occasion. ADMA and SDMA samples were 
divided into two gestational periods: weeks 24-32 
and weeks 36-40 (term), respectively. No samples 
were taken from subjects with mild preeclampsia 
during the former gestational period since onset of 
mild preeclampsia essentially always occurs late in 
pregnancy 

Serum levels of cytokines were also tested in 1 7 
subjects with severe preeclampsia and eijght sub- 
jects with mild preeclampsia in connection with de- 
livery, and in 14 controls, at four- week intervals 



fuged and stored at -80** C until analyzed. ADMA 
and SDMA were analyzed with high performance 
liquid chromatography, as described previously 
(36). Cytokine levels were analyzed in plasma by 
ELISA immunoassay (Quantikine™, R&D, 
United Kingdom), Detection limits were as fol- 
lows: 0.7 pg/ml, <10 pg/ml, <2 pg/ml and 4.4 pg/ 
ml for IL-6, IL-8, IHO and TNF-a, respectively 
Staiistics: All values are given as median and 
range. Significance between groups was tested with 
the non^parametric Mann-Whitney U*tesl, Corre- 
lations were assessed with the Spearman Rank test. 

Results * 

Median ADMA levels were higher both in subjects 
with severe and mild pr^lampsia than in controls 
(p^0M4 and p=0M5, respectively) (Fig, 1), when 
measured at 36-40 weeks of gestation. The differ- 
ence betv^en ADMA lewis in subjects with severe 
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Fig. i. Retatioaship between the plasma concentration (\imoW) 
of SDMA and uric acid (iimol/l), systolic blood pressure 
(Syst,BP, mmHg) and diastolic blood pressure (Diast.BP, mmHg) 
for entire groups including both controls and preeclamptic sub- 
jects. The (Pearson) correlation coefltcients (r) are given in the 
figure Statistical analysis was performed with Spearman rank 
(each individual only contributing once); ***^0.00l. 



preeclampsia and controls was somewhat less pro- 
nounced when measured at 24-32 weeks of ges* 
tation 07=0.04). 

These difTenences were even more pronounced for 
SDMA (Fig. 2); levels were significantly higher in 
preeclamptic subjects than in controls in both severe 
(^<0.0001) and mild 0?==0.003) preeclampsia dur- 



ing gestational weeks 36-40 and when subjects with 
severe preeclampsia v^re compared to controls dur* 
ing gestational weeks 24-32 (^=0.0005). 

fleet the respective degrees of bioiugical activity of 
these substances, was significantly lower in subjects 
with severe preeclampsia (1.03) than controls 
(1.28) at 24-32 weeks (p=0.007) and at 36^0 
weeks (0.89 and 1.09, respectively; /y= 0.0004) of 
gestation. When the relationships between ADMA 
and studied dinical/laboratory parameters were 
analy2ed, we found a statistically significant corre- 
lation (p=0,02) between ADMA and platelet levels 
in the preeclampsia (mild and severe) group. 

When the entire study material (controls and 
subjects) was analyzed together (Fig. 3), we found 
that SDMA levels correlated significantly with 
serum uric acid (r=0.665), systolic BP (r=0,410), 
diastolic BP (r^^O.SOO) and the creatinine concen- 
tralion in serum (r=^0.694). 

Table 1 shows cytokine levels at increasing ges- 
tational ages in controls. The levels generally 
surged at term: the tevcls of IL-6 (p=0.005), IL-8 
(p=0.007) and IL-10 {p^0,05) were lower at 32-36 
weeks than at 40 weeks of gestation. IL-8 and IL- 
6 were significantly elevated in severe, but nol in 
mild, preeclampsia, compared to controls (Fig. 4). 
The levels of IL-10 and TNF-a tended to be higher 
in severe preeclampsia (Fig. 5) but the differences 
were not statistically significant. 

IL-4 was not detected in any control or preec* 
lamptic subjea. lL-6 correlated significantly (p« 
0.01) with systolic BP in the preeclampsia group 
(mild and severe together) and there was a corre- 
lation between uric acid levels and IL-10 in the pre- 
eclampsia group O:=0.009). When the inter-re- 
lationships between each cytokine and ADMA or 
SDMA were studied, we found no statistically sig- 
nificant correlations in the preeclampsia group. 



Discussion 

Thus, our fiirst hypothesis was both confirmed and 
refuted; both ADMA and SDMA were signifi- 



Table t. Levels of interieuUn ((L)-6, 8. 10 and tumor necrosis factor (fHF) a in control sobfeds at 24. 26. 32» 36 and 40 weeks of gestation. Values are 
expressed as medians (ranoe). TYie levels of IL-O. lL-8 and MO were signiQcaRtty fdgher at 40 meks than at 32*36 wetitt of gestation, ^niftcance levels- 



24 weeks 28 weeks 32 weeks 35 weeks 40 weeks 

{if«e-12) (ff«6-t1) (fl=9-12) (»=4-«) (11=6-9) 



)l'%Wml) 0.0(0-9.0) 0.4(0.2-1.4) 0.6(0-3.9) 0.0(0-1.2) 14.7 (0.5-69.5)* • 

lt-8(ps/mL) 0.7(0-103.0) 0 (0-158.7) 0.4(0-8.2) i2 (0-13.4) 13.2 (O-50.3)'* 

lt-10 (pg/mL) 4.9 (0-12.9) 4.4 (2.0-22.9) 3.6 (0-9.0) 4.8 (0-13.6) 7.0 (2.4-30.0)* 

TNF^ (pg/mL) 2.2 (0.5-4.7) 2.2 (1.2^.7) 3J5 (1 .8-5.6) 3.1 (2.7-3.B) 3.7 (0.9-4.7) 
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fl(g. < The plasma concentration (pg^mL) of FL-8 and IL-6 are 
presented for each individual (circle) and median values (hori- 
»>ntal bare) for cases with mild and severe preeclampsia and 
for corresponding controls. The values of IL-8 are given on a 
log scale and values of IL-6 on a linear scale. Levels of signifi- 
cance were tested with Mann-Whitney U-test 
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Fig. 5. The plasma concentration (pg^mL) of TNF-c and IL- 
10 are presented for each individual (dicle) and median values 
(horizontal bars) for cases with mild and severe preeclampsia 
and for corresponding controls. Levels of significance were 
tested with Mann-Whitn^ U-tesu 



cantly higher in subjects with mild and severe pre-* 
eclampsia compared to normotensive controls at 
appropriately matched gestational ages. There 
were no convincing correlations between ADMA 
and clinical parameters. However, the ADMA/ 
SDMA quotient was significantly lower in subjects 
with severe preeclampsia than in controls, re- 
flecting a marked elevation or SDMA, These re- 



diflerent types of renal strain and hypertension 
(27, 30), elevations which may or may not exceed 
ADMA increases in the corresponding clinical 
situations (28, 30). In light of the fact that normal 
pregnancy tends to cause a certain amount of renal 
strain as it progresses, a phenomenon which is 
even more pronounced in preeclamptic pregnancy, 
our results are, perhaps, not too surprising. In- 



This evoked our curiosity as to whether SDMA 
might equal or be superior to uric acid as a marker 
of ihe severity ofpreeclampsia, but this proved not 
to be the case. Howeven it might be interesting to 
study ADMA and SOMA levels early in preg- 
nancy in order to ascertain if levels rise early 
enough to predict preeclampsia. 

The cytokines IL-6 and IL-8 were significantly 
elevated in subjects with severe, but not mild, pre- 
eclampsia compared to controls. This is in accord- 
ance with the work of some, but not all previous 
investigators. Greer et ah (7) found significantly 
elevated IL-6 levels but unaltered TNF-a and IL- 
8 levels in the plasma of preeclamptic subjects. 
Conrad et al. (9) found elevated levels of TNF-a 
and IL-6 but not IL-8 in the plasma of preec- 
lamptic women, while Vince et al. (3) found sig- 
nificantly elevated plasma IL-6, TNF-a and sol- 
uble TNF receptor levels in the preeclamptic 
group. Kupferminc et al. found significant TNF-a 
elevations in plasma of preeclamptic subjects in 
one study (6), and the same group found elevated 
plasma levels of soluble TNF receptors and IL-6, 
the latter when measured prior to labor, in another 
study of preeclamptic women (13). On the other 
hand7~Mcddns et alr(~i^)~iajled to fiud'a^significant^ 
diflerencc in plasma TNF-a levels when com- 
paring normotensive pregnant women to preec- 
lamptic subjects and Opsjdn et al. (37) found no 
differences in maternal IL-6 or TNF blood levels 
when comparing these groups of women. 

There is a considerable variation in normal cyto- 
kine levels in pregnant women reported by differ- 
ent authors and the overlap between normal and 
pathological states are noteworthy (I). These dis- 
ciepandes may reflect different analysis methods 
(e.g. bioassay immunoassay), testing performed 
on laboring vs non-laboring women» gestational 
age or varying populations (1). As indicated in 
Table I, three of the four measured cytokines in- 
creased significantly at the end of pregnancy as de- 
livery approached. Therefore, it is essential that the 
gestational age of the preeclampsia group is 
meticulously matched with that of the control 
group. 

Our second hypothesis was not confirmed as 
none of the measured cytokines correlated to 
ADMA or SDMA. The cytokine network has, as 
yet, been incompletely characterized and inter«-ie- 
lationships among groups of cytokines and corre- 
lations to clinical disease are, to say the least, com- 
plex and elusive, since different research groups 
have arrived at diverging conclusions. Obviously, 
more research is needed to clarify these issues; 
based on the resent study, it is not possible to 
rule out a liiik between the cytokine system and 
AnMA/5?nMA 
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Conclusion 

In this study, we found increased levels of ADMA 

compared to normotensive controls at appropri- 
ately matched gestational ages. SDMA increased 
more than ADMA, resulting in lower ADMA/ 
SDMA quotients in severe preeclampsia. Signifi- 
cantly higher levels of the cytokines IL-6 and II- 
8 were found in the serum of women with severe 
preeclampsia compared to healthy pregnant con- 
trols. Control subjects demonstrated a statistically 
significant surge in levels of IL-6, IL-8, IL-10 but 
not TNF-o, at term, compared to gestational week 
32-36. No convincing correlations between the 
NOS inhibitor ADMA and any cytokine were ob- 
served. A clinical marker predicting onset or de- 
gree of severity of preeclampsia would definitely be 
useful to the clinician but it is apparent that more 
light must be shed both on NO inhibitors and on 
the complex cytokine systems before either can 
serve in this function. 
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aescHptian ^method and means for the proof of a probability of the future occurrence or progressing of diseases, those 
;V«^t^ a disturbance of the HO of merabolism accompany*'* 

liie Invention relates to methods for the proof of a probability of the future occurrence or progressing of diseases, which 
accompany with a disturbance of the NO metabolism. In addition the invention concerns means to the proof of endogenous 
methyl arglnlnes in biological fluids. 

The endogenous methyl arglnlnes ADMA and SOMA are derivatives of the amino acid L arglnine; L arginlne Is the 
preliminary stage to the formation of nitrogen monoxide (NO) in the human body, NO again is an important physiological 
mediator in the heart circulatory system and in other organ systems, which is involved at the regularization of blood 
pressure and container resistance, adhesion and aggregation of Thrombozyten, adhesion of leukocytes and monocytes and 
the proliferation of smooth Gef&ssmuskeizellen (Bdgeret al., Atherosclerosis 1996; 127 : 111). NO plays also an important 
physiological role with the erection. With heart circuit illnesses such as arteriosclerosis, hypercholesterolemia, 
hypertension, chronic heart failure, with metaboNc illnesses such as diabetes mellitus, with Praeklampsie, with erektiler 
dysfunction and other diseases comes it to the attenuation of the biological effects of NO, whereby progressing of these 
diseases and the accompanying Gefassiasionen becomes accelerated, By administration of I arglnine this happening 
tQunteracted-'Can becrome. 

M sevieral cHnlcal ahd experimental stajidies showpi muM b^ome that it can come with the diseases mentioned to rising 
the iro^centritltm of the endogenous t-argfnJne-anak)gue APMA ^fcs ttiie plasma cr s&nm, Incresiired toncentiratlons of 
AOHift found during peripheral arterial catch illneijs {SSger iJt aL^ OmilstiQn 1997; t5 : 2068-2O74), with 
hypercholesterolemia (B6ger et aL, Circulation 1998; 98 : 1842-1847), with hypertension (Surdackf et al,, 3, Cafdiovasc. 
Pharmacol. 1999 ; 33 : 652-658), with chronic kidney insuf^ciency (keel Kiel et ai., J. To, Soc, Nephrol, 1999 ; 10 : 
594600) and with chronic heart failure. A cause effect relationship between increased AD HA concentrations and these 
diseases could not become from the results of these studies however derived , ADH A is an inhibitor of the formation of NO 
from I arginine, which becomes by the enzyme NO synthase in £ndotheizefien mediated. Thus it would be explainable that 
the increased concentrations of ADMA could contribute by inhibition of the NO formation to progressing the disease 
process. It leads also increased blood glucose concentrations, as they arise with the diabetes metlitus, to reduced effect of 
NO whereby the occurrence of complications heart of the circulatory system promoted becomes. With the Praeklampsie 
comes it by the disturbance of the NO metabolism to a constriction of arteries, which releases an hypertension with the nut 
and leads by less blood circulation of the placenta to the endangerment of the unborn child. Furthermore a lack of the 
effects of NO is a substantial cause of the erektilen dysfunction. On the other hand SOMA Is likewise an endogenous 
occurring motecule, which however obviously exercises no Inhlbltlve effect on the activity of the NO synthase. 

A top The Invention Is tie basis ttie ot^erva^ion thatpetlents with hypercholesterolismla, peripheral arteriosclerosis, heart 
failure, chrbifiic kidney Insiifflclency, diabetes mellitus and hypertension exhibit higher concentrations of ADNA In the 
plasmir thah healthy subject* We could show now for the flnst l^me that ADMA is a factor prognostically relevant for future 
pr'ogressing of the diseis^: l^^itl^nts with higher ADMA concentrations have a significant higher probability to suffer a 
threatenlf^ brood cfrcuta^^pn dl^iijance of decease to it than patients with lower ADMA concentrations (example 1). 
Patients with hCgh ADMA dpncentratld^^ decease also altogether a significant higher risk, to independent of the 

underlying cause of de^h (example 1) . 



Ferner flndet sich bei Patienten mit hoheren ADMA-Konzentrationen signifikant hSufiger eine Verdickung der Arterlenwand 
in der Halsschlagader (A. carotid) as with patients with low ADMA concentrations (example 3). Patients with chronic heart 
failure^ which Increased ADMA concentrations exhibit, have a smaller maximum oxygen admission bottom physical 
Belastung-ein reference on an advense prognosis of the future disease process (example 4). 

Since AD HA Is thus mentioned a factor relevant for the disease process of the diseases, it is useful, the concentration with 
the individual patient by means of an universal available and rapid diagnostic test specific and they measure of the SOMA 
concentration to differentiate to be able. 



At present available measuring methods to the quantitative determination of ADMA and SOMA in plasma, serum, urine and 
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other biological fluids (Gewebsextrakten, ZelikutturOberstdnden and. A.) are based all together on the chemical detection 
method of the high pressure FIQsstgkeltschromatografie (HPLC). 



Various modifications of HPLC methods become used at present for this. 



These methods are however very zelt*und personnel-Intense, expensively, and thus for the clinical routine diagnostics not 
suitable. 



Object of the present invention is it to prove a probability of future progressing of diseases which accompany with a 
disturbance of the NO metabolism. 



This object becomes according to invention dissolved by the fact that a content of endogenous methyl arglnines in 
biological fluids becomes certain. 

Despite the very circumferential determination of most diverse known cardiovascular factors of risk progressing the 
diseases mentioned Is to be proven with a portion of patients despite absence of such known factors of risk. The Invention 
exhibits the advantage that at least a part of these cases can become explained by being present increased concentrations 
of the endogenous methyl arglnines and thus an Improved prognosis can become discharged about the disease process. 

The used detection methods for ADMA and SOMA are based on the principle of the HPLC, which makes them expensive for 
very expensive and, so that these methods remain being able to become not comprising In clinical everyday life used, but 
specialized research labs resenting. An other object of the invention is it to submit a method with whose assistance simple, 
inexpensive and universal clinical of the useful endogenous methyl arglnines ADMA and SOMA quantitative In biological 
fluids certain to become to be able. 



This object becomes according to invention dissolved by the fact that to the determination of the content by endogenous 
methyl arglnines in a biological fluid on these with antibodies one Influences. 

Those, determination ADMA and of the SOMA concentrations by means of Immunochemical methods (D, h. using 
monoclonal or polyclonal antibodies) has according to Invention significant advantages: 1. The measurement ADMA and of 
the SOMA concentrations by means of use of anti-body-based methods does not have to become in hlgh-speclailzed HPLC 
laboratories performed. Immunochemical detection methods how 

Radioimmunoassay, enzyme immunoassay etc. routine are more available in most clinical chemical laboratories. 

2. The measurement with immunochemical detection methods lasts fewer prolonged than the measurement by means of 
HPLC. For latter method Is an expensive sample extraction from the respective matrix (plasma, serum, urine o. A.) 
required, so that the measurement can take place by HPLC. The rapid 
Are present the measurement value Is however for the use ADMA and/or. 



5DMA proof in the clinical everyday life unavoidably necessary, thereby these 
Parameter as disease marker wide acceptance to find can. 



3. Immunochemical detection methods can come beside the clinical routine also Into experimental applications to the use 
(z. B. 



Immunohistochemle, Immunozytochemie, Immunoblotting}. 



^ 4. The corresponding present Invention is the diagnostic proof of 
ADMA and/or. SOMA suitable, over prospektiv over illness or 
Death risk of an patient explanation to attain ("factor of risk"). 



The generation of monoclonal antibodies of made experimental animals with myeloma cells and selection, sensitized alter 
atigemein known immunologic methods by fusion of immune-competent cells, the specific antibodies of producing cell 
clones by means of standard methods. The generation of polyclonal antibodies made by means of recovery of 
Immunserum of immunized experimental animals after general prior art methods. The production of monoclonal antibodies 
against ADMA and SOMA covers the cultivation of the anti cell clones, the recovery of the anti-body-contained of 
conditioned medium, as well as the filling and the selling of the antibody solutions. The use of the antibodies covers their 
use to diagnostic and scientific purposes, as and body suspension or as component of a diagnostic kit, in the ranges of the 
clinical medicine, the experimental medicine, the veterinary medicine, the biology and other life sciences. 

The appended examples describe the Invention: 
Example 1 

225 patients with chronic kidney insufficiency became received Into a clinical study. Starts of the study each patient a 
blood sample became removed, became certain in which the concentrations of ADMA and SDMA as well as of L arginine. 
The patients became over a middle observation duration of 26 months (1-35 months) after-observed. During this time 57 
patients suffered a cardiovascular disease event (myocardial infarction, Impact accumulation, peripheral blood circulation 
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disturbance or cardiac conditional death). Patients with such an cardiovascular disease event had had significant higher 
ADMA concentrations to starts of the study (median 3.2 umol/L) than patients without such event (median 2.2 umol/L). 
ADI^A proved In the statistical analysis as an independent predictor of cardiovascular disease events* 



Became the patients on the basis the ADMA Plasmakonzuentrattonen in groups divided (ADMA, measured to starts of the 
study < 50. Percentiles, 51. - 70. 



PercentiieSi 71. - 90. Percentiles, and > 90. ), Then a clear Increase of the incidence of cardiovascular deaths with rising 
ADMA concentration (image 1} resulted percentiles. 



Example 2 

With 225 patients, with which in a blood sample the ADMA concentration certain removed to starts of the study was, on 
the average 26 months permanent Nachbeobachtungsphase arose altogether to 57 death trap due to most diverse causes 
In the course of one. Patients, which deceased in the course of the study, had significant higher ADMA concentrations to 
starts exhibited (median 3.5 umoi/L) than patient, the survived (2.3 umol/L) ADMA proved than a predictor of the 
Oberiebens independent of other factors of risk. Became the patients on the basis the ADMA measured to starts of the 
study plasma concentrations in groups divided (ADMA < 50. Percentiles, 51. - 70. 



Percentiles, 71. - 90. Percentiles, and > 90. ), Then a clear increase of the entire mortality with rising ADMA concentration 
(image 2) resulted percentiles. 



Example 3 

With 90 patients the ADMA concentration became certain in a plasma sample. Subsequent one became with this patients 
by means of highly soluble ultrasonic Investigation the wall thickness of the carotid arteries (A. carotid) measure. 



ADMA was an Independent factor of Influence for the Intima/Media thickness of the A. carotid (image 3), for the luminale 
cross-section area, and for the severeness of the arterlosklerotischen lesions in the A. carotid. 



Example 4 

With 45 patients with chronic heart failure a blood sample became removed. The measurement of the ADMA concentration 
resulted in an average value of 4,1 1 0.8 lumol/l, compared with 1,0,0.1 umol/l In the case of healthy control persons. 



Patients with higher ADMA concentrations had a smaller NO^mediated GefSssdilatation (R s-0. 79) and a smaller 
maximum oxygen admission bottom physical load (R «-0. 81 ; Image 2a). The administration of L arginine guided to a 
significant Improvement of the NO-mediated Oefdssdilatation; the extent of this Improvement by t arginine was the large, 
the per high ADMA concentration with the respective patient was (R = 0, 74 ; Image 2b). 



A top 



http://cpo.worldlingo.coni/wl/epo/epo.html?SEED==WO0214873&SEED„FORMAT=E&... 05/20/2009 



(12) NACH DEM VERTRAG ObER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES 
PATENTWESENS (FCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG 



(19) W«Ilorganisatioa fUr geistiges Eigentum 
Internationales Btiro 




inipniiioiiiiiiiiniiiiffl 



(43) Internationales Verdffentlichungsdatum (10) Internationale Verdflentlichungsnummer 

21. Februar 2002 (21.02.2002) PCT WO 02/14873 A2 

(5!) Internationale Fatentklassiflkation^: COIN 33/68 (74) Aawalt: HELDT, Gert; Grosse Blelchen 12 I, 20354 

Hambing (DB). 



(21) Internationales Aktenzeicben: PCT/DEOl/03089 

(22) Internationales Anmehleflatum: 

11. August 2001(11.08.2001) 



(81) Bestinimungsstaaten (national)*, AU, BR, CA, CN, CO, 
CZ, EE, HU, EU IN, JP, KR, LT, LV; MX, NO, N2:, PL, 
RU, SO, SK, US, 2A, 



(84) Bestimmungsstaaten ("n^iaita/;: euiopaisches Patent (AT, 
(25) Einreicbungsspracbe: Deuisch BE, CM, C Y, DE, DK, ES, H, PR, OB, OR, IB, IT, LU, MC, 



NL,PT.SB,TR). 



(26) Ver6fleatlichungs$pracbe: Deutsch 



VerOfTentliebt: 

4 . o . iniematianalen Recherchenberichi und ernmti zu 

(30) Angaben wr PnoriC8t: verOffentiichen nach Erhaii des Berichis 

10040904.0 18. August 2000 (18.08,2000) DB y9rf,J^9m^f;^»n na^ crnmt a^s oencms 

Zur Erklarung der Zweibuchstaben-Codes und der anderen 

(71) Anmelder uad Abk&rzungen wird attf die ErklOrmgen CGuidance Noses on 

(72) Erflnder: bOGER, Rainer,H.(DB/DB];ilaiiwicusstr. 2, Codes and Abbreviations**) am Arfiingjeder ngfdHren Ausgabe 
22087 I lambuig (OE). der PCT-Gazeite verwiesen. 



(54) Title; METHODS AND AGENTS FOR DETECTING THE PROBABILITY OF THE FUTURE OCCURRENCE OR PRO- 
^ GRESSION OF DISEASES THAT ARE ASSOCIATED WITH A DISORDER OFTHB NO METABOLISM 

55 (54) Bezetebnung: VERPAHREN UND MITTBL ZUM NACHWEIS EINER WAHRSCHEINUCHKHrr DES ZUKONFTIOEN 
5o AUFTRETENS ODER FORTSCHREITENS VON ERKRANKUNGBN, DIE MTT EINBR STORUNO DES NO-STOFFWECH- 
SELS EINHERGEHEN 

(57) Abstract: The invention relates to methods and agente for detecting the probability of the future occuirence or progression of 
O diseases thai arc associated with a disorder of the NO metabolism. 

O 

^ (57) Zusammeofassung: Ved'ahren und Mittel zum Nachweis einer Wahrscheinltchkeit des rukUnftigen Auftretens oder Fortschrei- 
^ tens von Bikiankungen, die mit einer StOrung des NO-StofTwechsels einheigehen. 



wo 02/14873 PCT/DEOl/03089 



Beschreibung 

"Verfahren und MIttel zum Nachwels einer Wahrscheinllchkeit des zukQnfUgen 
Auftretens Oder Fortschreitens von Erkrankungen, die mit einer Stdrung des NO- 
Stoflweciisels einhergehen." 

Die Erfindung betrifft Verfahren zum Nachweis einer Wahrscbeinlichkeit des 
zukOnfUgen Auftretens Oder Fortschreitens von Erkianloingen, die mit einer StOiung 
des NO-StofiVvechsels einhengehen. DarQi>erhinaus betrifft die Erfindung Mittei zum 
Nachweis von endogenen Methyt-Argininen in biologischen RQsslgkeiten. 

Die endogenen IMethyl^inine ADMA und SDMA sind Derivate der 
Aminosdure U-Aiginin: L^inin ist die Vorstufe zur Bildung von Stickstoffrnonoxid 
(NO) im menschlichen KSrper. NO wiederum ist ein wichtiger physioiogischer 
Mediator im Herz-Krelslaufsystem und in anderen Organsystemen, der an der 
Regulation von Blutdruck und GefSBwiderstand, AdhSsion und Aggregation von 
Thrombozyten, Adhasion von Leukozyten und IVIonozyten und der Proliferation 
glatter GefaUmuskelzellen betelligt ist (Bdger et a!., Atherosclerosis 1996; 127: 1- 
11). NO spielt auch eine wichtlge physiologlsche Rolle bei der Erektion. Bel Herz- 
Kreisiauferkrankungen wie Arteriosklerose, Hyperchoiesterinfimie, Hypertonie, 
Ghronischer IHerzinsufRzienz, bei Stoffvvechselerkrankungen wie Diabetes meiiitus, 
bei Prdekiampsie, bei erektiier Dysfunktkm und anderen Erkrankungen kommt es 
zur Abschwachung der biok)gischen Wirkungen von NO, wodurch das Fortschreiten 
dieser Erkrankungen und der begleitenden Getai&lfteionen beschleunigt wird. Durch 
Qabe von L^Arginin kann diesem Geschehen entgegengewirkt werden. 

In mehreren klinischen und experimentellen Untersuchungen konnte gezeigt 
warden, da& es bei den genannten Erkrankungen zu einem Ansteigen der 
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Konzentration des endogenen LnArginirvAnalogons ADMA im Plasma Oder Serum 
kommen kann. Erhdhte Konzentrationen von ADMA wurden gefunden bel peripherer 
arterleller VerschluBerkrankung (BOger et al., Circulation 1997; 95: 2068-2074), bei 
Hypercholesterinamie {B6ger et al., Circulation 1998; 98: 1842-1847), bei 
Hypertonie (Surdacki et al., J. Cardiovasc. Pharmacol. 1999; 33: 652-658), bei 
chronischer Niereninsuffizienz (Kielstein et al., J. Am. Soc. Neplirol. 1999; 10: 594- 
600) und bei chronischer HerzinsufRzienz.. EIne Ursachen-Wirkungsbezlehung 
zwischen erhehten ADMA-Konzentrationen und diesen Erkrankungen konnte aus 
den Ergebnissen dieser Studlen jedoch nicht abgeleftst iwenlen. ADMA ist ein 
Inhibitor der Bildung von NO aus U-Arginin. die durch das Enzym NO-Synthase In 
Endotheizellen vemfiittsit wird. Somit wfira erkiarlich, da& die erhfihten 
Konzentrationen von ADMA durch Hemmung der NO-Biklung zum Fortschrelten des 
Krankheilsprozesses beitragen kdnnten. Auch eitiShte BluWSIucose- 
Konzentrationen. wie sle beim Diabetes meilitus auftreten, fOhren zu verminderter 
WIrkung von NO, wodurch das Auftreten von Komplikationen des Heiz- 
Kreislaufeystems geferdert wird. Bei der PrSeklampsie kommt es durch die StOrung 
des NO-Stofiwechsels zu einer Verengung von Arterien, die einen Bluthochdruck 
bei der Mutter auslOst und durch Minderdurchblutung der Plazenta zur GefShrdung 
des ungeborenen Kindes fQhrt. Femer ist ein Mangel der Wirkungen von NO eine 
wesentliche Ursache der erektilen Dysfunktion. Dagegen Ist SOMA zwar ebenfalis 
ein endogen vorkommendes MolekOI, welches aber olfenbar kelne inhibitorische 
Wirkung auf die AktMiat der NO-Synthase ausObt 

I3er Erfindung liegt die Beobachtung zugrunde, dafi Patienten mit 
Hypervholesterlnimie. peripherer ArteitosMerose. HerzinsufRzienz, chronischer 
NIereninsuffizienz, Diabetes meilitus und Hypertonie hdhere Konzentrattonen von 
ADR/IA im Plasma aufwelsen als gesunde Probanden. Wir haben nunmehr erstmals 
zelgen kOnnen, daB ADMA ein fUr das zukUnftige Fortschreiten der Erkrankungen 
prognostisch relevanter Faktor ist: Patienten mit hOheren ADMA-Konzentrationen 
haben eine signifikant hOhere Wahrscheinlichkeit, eine bedrohliche 
Durchblutungsstorung zu erleiden oder daran zu vefsterben als Patienten mit 
niedrigeren ADMA-Konzentrationen (Beispiel 1). Patienten mit hohen ADMA- 
Konzentrationen haben auch Insgesamt ein signifikant hOheres fVsiko zu 
versterben, unabhangig von der zugrundeliegenden Todesursache (Belsplel 2). 
Femer findet sich bel Patienten mit hOheren ADMA-Konzentrationen signifikant 
hSufiger eine Verdfckung der Arterlenwand in der Haisschlagader (A. carotis) als bel 
Patienten mit niedrlgen ADMA-Konzentrationen (Beispiel 3). Patienten mit 
chronischer HeizinsufRzienz, die erhOhfe ADMA4<onzentratk)nen aufwelsen, haben 
eine 
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geringere ma}dmale Sauerstoflaufhahme unter kOrperiicher Belastung - ein Hinwete 
auf eine ungQnstige Prognose des zukOnfUgen Krankheitsverlaufe (Bdspiel 4). 

Da ADMA somit ein fDr den Krankheitsverlauf der genannten Erfcrankungen 
relevanter Faktor ist, ist es nOtdii^. die Konzentiatton beim indivktuelien Patienten 
mittels eines universei) verfQgbaren und rasci^ diagnostischen Teste spezifiscii 
messen und sie von der SDMA-Konzentration untersdieiden zu kdnnen. 

Die derzelt verfQgbaren MeBverlahren zur quantitativen Bestimmung von 
ADI\^ und SOMA in Plasma, Serum, Urin und anderen bioiogisclien FiQssigkeiten 
(Gewebsextrakten, ZellkuiturQberstdnden u.a.) basieren aiiesamt auf dem 
cliemisciien Naciiweisverfahren der Hodidruck-FIQsslgkeitsciiromatografie (HPLC). 
Versciiiedene Modifikationen von IHPLC-i\4ettioden werden hienzu derzeit eingesetzt. 
Diese l\Aettioden sind jedocti sehr zeit- und personalintensiv, teuer, und somit fDr die 
klinisciie Routinediagnostik nicht geeignet 

AulJBiabe der vorliegenden Erflndung ist es, eine Walirscheinlichkeit des 
zukQnfUgen Fortechreitens von Erkrankungen nachzuvveisen, die mit einer StOrung 
des NO-Stofiweciisels einhergelien. 

Diese Aufgabe wird erfindungsgemdl^ dadurch gelOst, dafi ein Qehait von 
endogenen IVIethyl-Argininen in biologischen FiQssigkeiten bestimmt wird. 

Trotz der seiir umfangllciien Bestimmung versciiiedenster bisiier bekannter 
kardiovaskuiarer Risikofaktoren ist bei einem Anteil von Patienten trotz Feiilens 
soiciier bisiier bekannter Risikofaktoren ein Fortscfireiten der genannten 
Erkrankungen nactizuweisen. Die Erfindung weist den Vorteil auf, dali zumindest 
ein Teil dieser FSIIe durch das Vorliegen eriidhter Konzentrationen der endogenen 
Metiiyi-Arginine erkiart werden kann und somit eine verbesserte Prognose Qber den 
Krankheiteveriauf abgegeben werden kann. 

Die bisher eingesetzten Nacliweisverfahren fQr ADMA und SDMA basieren 
auf dem Prinzip der l-iPLC, was sie seiir aufwendig und teuer macht, so dali diese 
Verfahren niciit umfassend in klinlschen Alttag eingesetzt werden kdnnen, sondem 
spezialisierten Forsciiungslabors vorbeiiaiten bieiben. Eine weitere Aufgabe der 
Erfindung ist es daiier, ein Ver^iiren vorzuiegen, mit dessen IHiife einfacii, 
kostengQnstIg und unlversell kliniscii nutzbar die endogenen IVIetiiyl-Arginine ADMA 
und SDIVIA quantitativ in biologisciien FiQssigkeiten bestimmt werden kdnnen. 

Diese Aufgabe wird erfindungsgemd& dadurch gelOst, daS zur Bestimmung 
des Gehaltes von endogenen Metiiyl-Argininen in einer biologisciien FlOssigkeit auf 
diese mit Antikdrpem eingewlrkt wird. 
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Die. Bestimmung der ADMA- und SDMA-Konzentrationen mittete 
imrminochemischer Verfiahren (d.h. untsr Verwendung von monoklonalen Oder 
polyklonalen AntikOrpem) hat erfindungsgemdIS vuesentltehe Vorteile: 

1. Die Messung der ADMA- und SDMA-Konzentrationen mittels Verwendung 
antikorperbasierter Verfahren muB nicht in liochspezialisierten HPLC-Labors 
durcligefQIirt werden. Immunocliemische Nacliweisverfahren wie 
Radioimmunoassays, Enzymimmunoassays etc. sind in den meisten klinisch- 
chemisciien Labors routinemdHig verfQgbar. 

2. Die Messung mit Imnninochemlsciten Nachweisverfeiliren dauert weniger 
lange ais die Messung mittels HPLC. FOr letzteres Verfeliren ist eine 
au^Mendige ProbenextrakUon aus der jeweiligen Matrix (Plasnia, Serum, Urin 
o.a.) erforderlich, damit die Messung per IHPLC erfoigen kann. Das rasciie 
Vortiegen des Meiiwertes Ist aber fQr die Venwendung des ADMA- bzw. 
SDI\/IA-Naciiweises im klinisciien Alltag unabweisbar notwendig, damit dleser 
Parameter als Knsinkheits-Marker breite Akzeptanz finden kann. 

3. Immunochemische Nachweisver^hren kdhnen neben der klinisciien Routine 
auch in experimentellen Anwendungen zum Einsatz kommen (z.B. 
Immunohistochemie, Immunozytochemie, Immunoblotting). 

4. Entsprecliend der vorliegenden Erfindung ist der diagnostische Nachweis-von 
ADMA bzw. SDMA geeignet, um prospektiv Qber das Eifcrankungs- Oder 
Todes-I^iko eines Patienten Au1iBCliiu& zu eriangen (H^ikofaktor^. 

Die Erzeugung monoktonaler Antikdrper erlbigt nach aiigemeln bekannten 
immunologischen Verfahren durch Fusion von immunkompetenten Zellen 
sensibiiisierter Versuchstiere mit Myelomzellen und Selektion der die speziflschen 
Antikdrper produzierenden Zellklone mittels Standardverfahren. Die Erzeugung 
polyklona{|r Antikdrper erfolgt mittels Gewinnung von Immunserum von 
Immunisierten Versuchstieren nach aiigemeln bekannten Verfahren. Die Produktlon 
monoklonaler Antikdrper gegen ADMA und SDMA umfa&t die Kultivierung der 
Antikdrper-produzierenden Zeilklone, die Gewinnung des AntikOrper-enthaltendm 
konditionierten Mediums, sowie die AbfDiiung und den Vertrieb der 
AntikdrperiOsungen. Die Nutzung der Antikdrper umfelK Ihren Einsatz zu 
diagnostlschen und wissenschafUtehen Zwecken, ais AntikOrper-Suspension oder 
als 
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Bestandteil eines diagnostischen Kits, in dsn Bereichen der idinischen Medizin, der 
experlmentelien Medizin, der Veteilndnnedizin, der Biotogie und andersr 
Biowissensctiaflen. 

Die nachstehenden Beispieie eridutern die Erfindung: 



Beispiel 1 

225 Patienten mit chronisclier Niereninsuffizienz wurden in eine Idinische 
Studie auHgenonvnen. Zu Beginn der Studie wurde Jedem Patienten eine Biutproiie 
entnomnien, in der die Konzentrationen von ADMA und SOMA sowie von LnArginin 
bestinvnt wurden. Die Patienten wurden Qtier eine mittiers Beoi>actitungsdauer von 
26 Monaten (1-35 Monaten) nachl}eobachtei WShrend dieser Zeit eriitten 57 
Patienten ein icardiovasloiiflres Krankheitsereignis (Myolcardinfarkt, Schlaganfall, 
periphere DurchblutungsstOrung Oder kardial bedingter Tod). Patienten mIt einem 
solchen kardiovaskulSren Krankiieitserelgnls hatten zu Beginn der Studie signifikant 
heliere ADMA-Konzentrationen geliabt (Median 3,2 |jmo[/L) als Patienten ohne 
solclies Ereignis (Median 2,2 pmol/L). ADMA erwies sicii in der statistisclien 
Analyse als ein unabhSngiger Prgdiktor kardiovaskuidrer Krankiieitsereignisse. 
Wurden die Patienten anhand der zu Beginn der Studie gemessenen ADMA» 
Plasmakonzuentrationen in Gruppen eingeleilt (ADMA < 50. Peizentile, 51. - 70. 
Perzentiie, 71.-90. Peizentile, und >90. Peizentile), so ergab sich eine Mare 
Zunahme der Inzidenz kardiovaslaildrer Todesaile mit steigender ADMA- 
Konzentration (Abbildung 1). 



Beispiei 2 

Bei 225 Patienten, bei denen in einer zu Beginn der Studie abgenommenen 
Blutprobe die ADMA-Konzentratlon bestimmt worden war, traten Im Verlauf einer Im 
Mittei 26 Monate dauemden Nachbeobactitungspliase insgesamt 57 Todesfaiie 
aufgrund versciiiedenster Ursachen auf. Patienten, die im Verlauf der Studie 
verstariaen, hatten zu Beginn signifikant hOhere ADMA>Konzentrationen 
au^ewiesen (Median 3.5 pmol/L) als Patienten, die Qberlebten (2,3 pmol/L). ADMA 
envies sich als ein von anderen Risikoliaktoren unabhdngiger Pradiktor des 
Oberlebens. Wurden die Patienten anhand der zu Beginn der Studie gemessenen 
ADMA- 
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Plasmakonzentrationen in Gruppen eingeteilt (ADMA < 50. Peizentile, 51. ~ 70. 
Perzentile. 71.-90. Perzentile. und >90. Pensentile), so ergab sich eine klare 
Zunahme der Gesamtmortaiitat mit stelgender ADMArKonzentration (AbbiMung 2). 



Beispiei 3 

Bei 90 Patienten wurde in einer Plasmaprobe die ADMA-Konzentration 
bestimmt. Ansciilieliend wurde bei diesen Patienten mittels hociiaufldsender 
Ultrasclialluntersucliung die Wanddiclce der Halsschlagader (A. carotis} vermessen. 
ADMA war ein unabhdngiger EinfluSfaktor fOr die Intima/Media-Dicke der A. carotis 
(Abbildung 3), fOr die luminale Querschnittsfiache, und fDr den Schweregrad der 
arterioskierotischen Lflsionen in der A carotis. 



Beispiei 4 

Bei 45 Patienten mit chronisclier i-ierzinsuffizienz wurde eine Blutprobe 
entnommen. Die l\/Iessung der ADI\/IA-Konzentration ergab einen mittleren Wert von 
4,1 ± 0,8 pmol/l, im Vergleicii zu 1,0 ± 0,1 \imo\/\ bei gesunden Kontrollpersonen. 
Patienten mit hOheren ADiVIA-Konzentrationen iiatten eine geringere NO-vermittelte 
GefdKdilatation (R = -0.79) und eine geringere ma}dmale Sauerstofiiaufriahme unter 
kfirperlicher Belastung (R « -0.81; AbblWung 2a). Die Gabe von L^inln fQlirte zu 
einer signifikanten Verbessening der NO-vemiitteHen GeAlkinatation; das Ausn»& 
dieser Verbessening durch L^inin war umso grO&er, je iiOlier die ADMA- 
Konzentration beim jeweiiigen Patienten war (R - 0.74; AbbiMung 2b). 
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PatentansprQche 



1 . Verfahren zum Nachweis einer Wahrscheinlichkeit des zukQnffigen Auftretens 
Oder Fortschreitens von Erkrankungen. die mit einer St5rung des NO- 
Stoffwechsels einhergehen, dadurch gekennzeichnet, dass ein Gehalt von 
endogenen Methyl-Aigininen in einer biologlschen FlOssigkeit nachgewiesen 
¥vird. 



-7- 

ERSATZBLATT (REGEL 26) 



wo 02/14873 



PCT/DEOl/03089 



2. Verfahren nach Anspaich 1, dadurch gekennzeichnet da& die Erkrankung 
^ne koronare Herzkrankheit 1st 

3. Verliahren nach Anspruch 1. dadurch gekennzeichnet, M die Erkrankung 
elne chronische l^erzinsufRzienz isL 

4. Verfahren nach Anspruch 1, dadurch gekennz^chnet, da& die Erkrankung 
eine erektile Dysfunktion ist. 

5. Verfahren nach Anspmch 1, dadurch gekennzeichnet, dafi die Erkrankung 
eine periphere arterielle DurchblutungssMrung ist 

6. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dal& die Erkrankung 
eine chronische Niereninsuffizienz ist 

7. Verfahren riach Anspruch 1, dadurch gekennzeichnet dai& die Erkrankung 
eine ;»rebraie ischdmische Erkrankung ist. 

8. Verfahren nach Anspruch 1. dadurch gekennzeichnet dai& die Erkrankung 
ein Diabetes mellltus ist 

9. Verfahren nach Anspruch 1, dadurch gekennzeichnet daS die Erkrankung 
eine Prdeklampsie ist 

10. Verliahren nach einenn der AnsprOche 1 bis 9, dadurch gekennzetehnet da& 
festgestellt wild, wie hoch in der biologischen RQssigkeit eine Konzentration 
von AOMA ist 

11. Verfahren nach einem der AnsprOche 1 bis 10, dadurch gekennzeichnet daS 
festgestellt wird, wie hoch In der biologischen FIQssigkeit ein Verhdltnis der 
Konzentrationen von L-Arginin zu ADMA ist 

12. Verfahren nach einem der AnsprOche 1 bis 10, dadurch gekennzeichnet daiS 
festgestellt wird. wie hoch In der bk)logischen FIQssigkeit elne Konzentratton 
von SDMA Ist 
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13. Verfahren nach einem der AnsprQche 1 bis 12. dadurch gekennzoichnet, da& 
testgestellt wird, wie hoch in der biologieclien FiQssiglceit ein Verhaitnis der 
Konzentrationen von L-Arginin zu SDMAist 

14. Verfahren nach einem der AnsprQche 1 bis 13, dadurch gekennzefchnet, daB 
festgesteilt wird, wie hoch in der biologischen FIQssigiteit ein Verhditnis der 
KonzentrationenvonADMAzu SDMAist 

15. Verfahren nach einem der AnsprQche 1 bis 14, dadurch gelcennzeichnet, dali 
zur Bestimmung des Gehaltes von endogenen Methyl-Argininen in einer 
biologischen FIQssigkeit auf diese mit Antikdrpem eingewirkt wird. 

16. Verfahren nach Anspruch 15, dadurch gekennzeichnet, daB mil 
monoWonalen Antiltdrpem auf die das endogene Methyi-Arglnln enthaltende 
bioiogische FIQssigkeit eingewirkt wird. 

17. Verfahren nach Anspruch 15 oder 16, dadurch gekennzeichnet, daB mil 
poiykionalen Antikfirpern auf die das endogene Methyl^inin enthaltende 
bioiogische FIQssigkeit eingewirkt wird. 

18. Verfahren nach Anspruch 17, dadurch gekennzeichnet, daB die 
monoklonalen AntikOrper durch Kultivierung der AntlkSrper-produzlerenden 
Zellklone und Gewinnung einer die Antikflrper enthaltenden LOsung 
gewonnen werden. 

19. Verfahren nach Anspruch 17, dadurch gekennzeichnet, daB die polyWonalen 
AntikOrper durch Gewinnung von Immunserum von Immunlslenen 
Versuchstieren erzeugt werden. 

20. IVIittel zur DurchfQhrung der Verfahren 1 bis 1 9, dadurch gekennzeichnet, daB 
die bioiogische FIQssigkeit aus Plasma besteht 

21 . iVIittel zur DurchfQhrung der Verfahren 1 bis 19, dadurch gekennzeichnet, daB 
die bioiogische FIQssigkeit aus Serum besteht 

22. Mittel zur DurchfQhrung der Verfahren 1 bis 19, dadurch gekennzeichnet daB 
die btotogische FIQssigkeit aus Urin besteht 
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23. Mittei zur DurchfDhrung der Verliahren 1 bis 19, dadurch gekennzeichnet, da& 
die biologische FIQssiglceit aus Gewebsextralcten besteht 

24. Mittei zur DurctifQhrung der Verfahren 1 bis 1 9, dadurch getcennzeichnet, daft 
die biologische FiOssigkeit aus histologischen Prdparaten besteht 

25. Mittei zur DurchfQhrung der Verfahren 1 bis 1 9, dadurch gekennzeichnet, dafi 
die biologische FIQssigkeit aus zytoiogischen Prdparaten besteht 
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DETAILED ACTION 



Applicants' amendments and arguments filed September 22, 2010 has been received and 
entered. Claims 1, 6-8 and 1 1 are pending. 

Election/Restrictions 

Applicant's election without traverse of claims 1-2 and 4-1 1 in the reply filed on August 
31, 2007 was acknowledged. 

Claims 1, 6-8 and 1 1 are under consideration. 



Maintained -Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 

such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 1, 6-7 and 8 remain rejected under 35 U.S.C. 103(a) as being unpatentable over 
Holden et al (Am J Obstet Gynecol 1998; 178(3):551-6, art of record), Ellis et al (Acta Obstr. 
Gynecol Scand 2001, 80, 602-608, IDS) and Boger (WO 2002/14873, 2/21/2002, IDS) for the 
reasons of record. 

Claims are directed a method of determining that a pregnant woman is at risk of 
developing pre-eclampsia or that her fetus is at risk of developing intrauterine growth restriction 
(lUGR), which method comprises: (a) measuring asymmetric dimethylarginine (ADMA) in a 
plasma sample taken from a pregnant woman at a stage of pregnancy from 23 to 25 weeks 
gestation; and (b) determining that the woman is at risk of developing pre-eclampsia or her fetus 
is at risk of developing lUGR if the level of ADMA in the plasma sample is greater than 1 .5 
gmol/L. Claim 6 limits the method of claims 1 , wherein determining that the woman is at risk of 
developing pre-eclampsia or determining that her fetus is at risk of developing lUGR comprises 
determining that the woman's ADMA level is at least 3 times the normal pregnancy level. 

Holden et al teach a method comprising (a) measuring asymmetric dimethylarginine 
(ADMA) in a plasma sample taken from a pregnant woman at different stage of pregnancy; and 
(b) determining the level of ADMA in the plasma sample. It is noted that Holden et al also 
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determined the level of ADMA to be around 0.52 ixmoVL to 1 . 17 )amol/L during second 
trimester. This would meet the claim limitation of measuring pregnancy at different stage of 
pregnancy (including 23-25 weeks) that is embraced by the teaching of Holden (see page 553, 
Figure 1 B). It is further disclosed that pregnant woman have pre-eclampsia if ADMA in the 
plasma sample is 1.25 gmol/L (see figure lA). Therefore, any ADMA level greater than 0.75 
|Limol/L would also have PE meeting the limitation of the claim. It is further noted that Holden et 
al conclude that during later stage of pregnancy circulating concentrations increase and, when 
pregnancy is complicated by preeclampsia. Thus, method of Holden is primarily directed to 
study the role for ADMA in the changes in blood pressure seen in both normal and preeclampsia 
pregnancy (see abstract and page 555, col 1, para. 4). While Holden et al teach a method of (a) 
measuring ADMA level at least in pregnant women and reported (d) determining that woman 
has pre-eclampsia if ADMA in the plasma sample is greater thanl .17 gmol/L, but differ from 
claimed invention by not measuring the ADMA level in women at 23 to 25 weeks gestation. 

However, such was disclosed by Ellis et al, teach a method comprising (a) measuring 
asymmetric dimethylarginine (ADMA) in a plasma sample taken from a pregnant woman at 
different stage of pregnancy including 24-32 weeks gestation; and (b) determining the level of 
ADMA in the plasma sample (limitation of claim 1). It is disclosed that plasma concentrations of 
asymmetric dimethylarginine (ADMA) are significantly elevated both in mild preeclampsia 
during pregnancy from 24 to 32 weeks gestation that includes 24 and 25 weeks gestation (see 
abstract, figure 1 and 2). It is relevant to point out that Ellis teaches measuring ADMA level in 
plasma of pregnant woman at stage 24-25 weeks gestation and reported that pregnant woman 
have pre-eclampsia if ADMA in the plasma sample is greater than 0.75jamol/L (see figure 1), 
which is significantly higher than normal level (p<0.04) (see figure 1). Ellis et al further 
contemplate studying ADMA and SDMA level early in the pregnancy in order to ascertain if 
levels rise early enough to predict preeclampsia (see page 607, col 1, para, 1). While Ellis et al 
teach a method of measuring ADMA level in women at 24 to 32 weeks gestation having 
preeclampsia, but differ from claimed invention by not measuring the ADMA level in non pre 
screened pregnant women. 

Boger et al cure the deficiency by teaching a method of detecting the risk of developing 
a disease including pre-eclampsia that is associated with NO metabolism by (a) measuring the 
level of ADMA and SDMA (see claims 1 and 9). Boger et al also disclose that preeclampsia is a 
disease of the NO metabolism leads to constriction of arteries which induces high blood pressure 
in the mother and poses a risk to the unbom child due to reduced placental perfusion (see page 2) 
With respect to claim 7 and 8, Boger et al contemplate measuring the ratio of ADMA to SDMA 
in the plasma of the patient (see claim 14, 20 and 21). It is also disclosed that subject suffering 
from chronic conditions (CHF, example 4) show ADMA concentration of 4.1 |liM/L as compared 
to 1.0 jaM/L in normal subject. 

It would have been obvious for one of ordinary skill in the art at the time of invention to 
modify the method of Holden of measuring the ADMA level in detecting the risk of developing a 
disease including pre-eclampsia in the mother due to reduced placental perfusion as disclosed by 
Boger using the known method disclosed by Holden and Ellis, It would have been prima facie 
obvious to one of ordinary skill in the art to combine the known methods of Holden, Ellis and 
Boger to measure the ADMA level in a pregnant women at a stage of pregnancy comprising 23- 
25 and determine the level of ADMA to detect the risk of developing of pre-eclampsia 
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particularly since both Holden and Ellis generally embraced the potential of measuring ADMA 
level to determine the risk of developing pre-eclampsia. Other limitations of measuring ADMA 
level that is at least 3 times or ADMA/SDMA level 5 times than the normal pregnancy level 
would be implicit in the method taught by the combination of references and therefore would be 
obvious variables when measuring the level of ADMA or SDMA in pregnant women 
predisposed to develop PE as disclosed by Ellis. One who would have practiced the invention 
would have had reasonable expectation of success since Ellis and Holden both taught method to 
measure ADMA level in the plasma of subject to determine if the subject is at risk of developing 
PE, while combining the teaching Holden, Ellis with Boger would have resulted in a determining 
that woman is at risk of developing PE if the ADMA level is greater then normal control as 
suggested by Ellis. 

Therefore, the claimed invention would have been prima facie obvious to one of ordinary 
skill in the art at the time of the invention. 

Claims 1 and 1 1 remain rejected under 35 U.S.C. 103(a) as being unpatentable over 
Holden et al (Am J Obstet Gynecol. 1998; 178(3):551-6, art of record), Ellis et al (Acta. Obstr. 
Gynecol. Scand. 2001: 80, 602-608, IDS) and Boger (WO 2002/14873, 2/21/2002, IDS) as 
applied to claims 1, 6-8 above, and further in view of Albaiges et al (Obstet Gynecol 
2000;96:559-64, IDS) for the reasons of record. 

The teachings of Holden et al, Ellis et al and Boger were described above and relied in 
same manner here. The combination of art teach a method of determining that a pregnant woman 
is at risk of developing pre-eclampsia or that her fetus is at risk of developing intrauterine growth 
restriction (lUGR), which method comprises measuring asymmetric dimethylarginine (ADMA) 
in a plasma sample taken from a pregnant woman at a stage of pregnancy from 23 to 25 weeks 
gestation, but differ from claimed invention by not disclosing use of Doppler waveform analysis 
of uterine arteries and/or flow mediated dilatation of the brachial artery in the women. 

However, use of Doppler wave form to predict PE in pregnant women was known and 
routinely used by one of ordinary skill in the art. For instance, Albaiges et al discloses color 
doppler of uterine artery imaging of women with singleton pregnancies at 23 weeks to determine 
bilateral uterine artery notches, left and right uterine artery pulsatility indices (PI) for predicting 
preeclampsia and delivery of small-for-gestational-age infants (See abstract). 

Therefore, it would have been prima facie obvious for a person of ordinary skill in the 
art seeking to predict risk of developing PE would combine the respective teachings of Holden et 
al, EUis et al and Boger by modifying the method to further to further include Doppler waveform 
analysis of uterine arteries to determine if a pregnant woman is at risk of developing PE as 
disclosed by Albaiges et al, with a reasonable expectation of success. A person of skill in the art 
would have been motivated to modify the method by further conducting Doppler analysis as 
disclosed by Albaiges et al, as a matter of design choice, said design choice amounting to 
combining prior art method directed to diagnose same condition (PE) according to known 
methods to yield predictable results. One of ordinary skill in the art would be motivated to use 
color Doppler for diagnosis of PE because Albaiges et al teaches successful use of color doppler 
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of uterine artery imaging of women with singleton pregnancies at 23 weeks predict preeclampsia 
in women risk of developing PE (supra) . One of skill in the art would have been expected to 
have a reasonable expectation of success in determining if a pregnant woman is at risk of 
developing pre-eclampsia or lUGR by measuring ADMA and color Doppler imaging because the 
art teaches the successful diagnosis of PE by measuring plasma ADMA and use of Doppler 
waveform analysis of uterine arteries. It should be noted that the KSR case forecloses the 
argument that a specific teaching, suggestion, or motivation is required to support a finding of 
obviousness See the recent Board decision Ex parte Smith, -USPQ2d-, slip op. at 20, (Bd. Pat. 
App. & Interf June 25, 2007) (citing KSR, 82 USPQ2d at 1396) (available at http: www. 
uspto.gov/web/offices/dcom/bpai/prec/fd07 1 925 .pdf). 

Response to arguments 
Applicants disagree with the rejection of claim 1 over Holden et al in view of Ellis and 
Soger, arguing that Holden describes ADMA levels of pre-eclamptic patients during the third 
trimester that is outside of the 23-25 week. Applicant assert that a a measurement 1.17 mmol/L at 
23-25 weeks would not trigger a determination that a woman is at risk of developing pre- 
eclampsia or that her fetus is at risk of developing lUGR. Applicants further argue that Ellis 
describes testing patients to determine ADMA levels at a stage of pregnancy of 24"32 weeks. 
The range of ADMA levels of pre-eclamptic patients was determined to be in the range of 0.4-.1 
jamol.L). Applicant assert that Ellis does not disclose an ADMA level of greater than 1.5 
^mol/L. Applicants argue that the levels observed by Ellis are lower than the level of 1,17 
^mol/L observed by Holden (see page 4, para. 3-4 of the arguments). Applicants further argue 
that Roger do not cure the deficiency and thus conclude that none of the references suggests that 
a level of 1 .5 )Limol/L or greater at a stage of pregnancy from 23 to 25 weeks would be indicative 
of preeclampsia. Applicants' arguments have been fully considered, but are not found 
persuasive. 

In response to applicant's arguments against the references individually, one cannot show 
nonobviousness by attacking references individually where the rejections are based on 
combinations of references. See In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 1981); In re 
Merck & Co,. 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 1986). Applicants have further engaged 
in selective reading of the teachings of Holden et al in view of Ellis, to formulate the grounds for 
teaching away. It should be noted that the ultimate goal of measuring ADMA level in plasma of 
a pregnant woman is to suggest that a changes in the circulating concentration of ADMA is 
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important in the pathophysiologic mechanisms of preeclampsia through a reduction in nitric 
oxide synthesis (see Holden et al, page 552, col. 1, last para). 

As previously indicated, Holden et al in describing method disclose (a) measuring 
asymmetric dimethylarginine (ADMA) in a plasma sample taken from a pregnant woman at 
different stage of pregnancy, and (b) determining the level of ADMA in the plasma sample. It is 
noted that Holden et al also determined the level of ADMA to be around 0.52 |iimol/L to 1 . 17 
jimol/L dxiring second trimester (supra), but differ from claimed invention by not measuring the 
ADMA level in women at 23 to 25 weeks gestation. However, measuring level of plasma 
ADMA in pregnant woman at 24-34 weeks of gestation and determining if the subject woman 
has higher level of ADMA (>0.8]Limol/L, Fig. 1 Ellis) suggesting risk of mild pre-eclampsia was 
known (see Ellis et al Figure 1). In view of foregoing teachings in prior art, one of ordinary skill 
in the art would conclude that a higher plasma level of ADMA ((>0.8jLimol/L, Fig. 1 Ellis) in a 
pregnant woman (24-32weeks gestation) would put the woman at risk of developing pre- 
eclampsia. To the extent that Ellis, describe the measuring ADMA level in a plasma taken from 
a pregnant woman at a stage 24-34 weeks gestation and determining that woman is risk of 
developing PE if ADMA level is greater than 0.8, the rejection is applicable to the instant case. 
Applicants' selective reading of Holden et al. ignores the teachings of the reference of Ellis. 
There is no requirement for Holden et al. to teach that which is clearly taught by Ellis et al. It 
should be noted that determining that the woman is at risk of developing mild PE if the plasma 
level greater that 0.8jimol/l as exemplified in Ellis would necessarily mean that ADMA level 
any higher than O.Sjumol/L such as 1 .5 jimol/L must also put the woman at risk of developing 
pre-eclampsia (PE) (emphasis added). 

Applicant should further note that prior art summarized by the reference of Boger et al is 
applied to the extent it teaches method of detecting the risk of developing a disease including 
pre-eclampsia that is associated with NO metabolism by (a) measuring the level of ADMA and 
SDMA (see claims 1 and 9). Boger et al also disclose that preeclampsia is a disease of the NO 
metabolism leads to constriction of arteries which induces high blood pressure in the mother and 
poses a risk to the imbom child due to reduced placental perfusion (see page 2) It is also 
disclosed that subject suffering from chronic conditions (CHF, example 4) show ADMA 
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concentration of 4.1 juM/L as compared to 1.0 fiM/L in normal subject. Therefore, it is apparent 
from the teaching of Boger that higher level of ADAM could also determined if the pregnant 
woman has underlying cardiac or other conditions (CHF, smoking and obesity) that are known to 
further increase plasma ADMA level Thus, contrary to applicants' arguments plasma ADMA 
level in the pregnant woman could vary depending upon various under lying conditions that are 
known in prior art. To the extent prior art teaches determining plasma level greater than 
0.8|Limol/liter predisposes woman of developing PE, it must necessarily mean that an ADMA 
level any higher than 0.8|iimol/L such as 1 .5 |iimol/Las claimed in the instant application must 
also put the woman at risk of developing PE. Therefore, teaching of Holden, Ellis and Boger 
would be been prima facie obvious to one of ordinary skill in the art at the time of the invention. 

Therefore, in view of the fact patterns of the instant case, and the ground of rejection 
outlined by the examiner, applicants' arguments are not compelling and do not overcome the 
rejection of record. 

On pages 5, last para and page 5 , first para of the arguments, Applicant re-iterates and 
rely on their previous arguments that have been discussed in preceding section . The arguments 
are substantially the same as those addressed in the foregoing response. 

Should applicants provide evidence pertinent to secondary consideration to obviousness 
relating to criticality of five times or more ADMA/SDMA level in a pregnant woman at a stage 
23 to 25 weeks gestation predisposes said woman to PE, instant obviousness may be overcome, 
pending further consideration. 

Conclusion 

No claims allowed. 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS fi-om the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutoiy period 
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will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 , 136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to ANOOP SINGH whose telephone number is (571)272-3306. 
The examiner can normally be reached on 9:00AM-5:30PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Peter Paras can be reached on (571) 272- 4517. The fax phone number for the 
organization where this apphcation or proceeding is assigned is 571-273-8300. 

Information regarding the status of an apphcation may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Cxistomer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Anoop Singh/ 
Examiner, Art Unit 1632 
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One-Stage Screening for Pregnancy 
Complications by Color Doppler Assessment of 
the Uterine Arteries at 23 Weeks' Gestation 

GERARD ALBAIGES, MD, HANNAH MISSFELDER-LOBOS, MD, CHRISTOPH LEES, MD, 
MAURO PARRA, MD, AND KYPROS H. NICOUIDES, MD 



Objeetive:TQ estimate the value of screening for preeclamp- 
sia and fetal growth restriction by performing color Doppier 
assessment of uterine arteries at 29 weeks' gestation in 
predicting adverse pregnancy outcome. 

Methods: Women with singleton pregnancies who attended 
routine ultrasonography at 23 weeks had color Doppler uterine 
arteiy imaging. Bilateral uterine artery notches were noted and 
left and right uterine artety pulsatility indices CPD were mea- 
sured, A mean PI of more than 1.45 was considered increased. 
Scxeening characteristics for predicting preeclampsia and de- 
liveiy of small-forgestational-age infants were calculated 

ResulU: Of 1757 pregnancies, increased PI was present in 89 
(5.1%) and bilateral notches were noted in 77 (4.4%). Twenty- 
three of 65 women (353%; 95% confidence interval [d] 23.9, 
48w2) had increased PI and later developed preeclampsia, and 8 
of 10 (80%; 95% CI 44.4, 97.5) with preeclampsia required 
delivery before 34 weeks. The respective values for women 
with bilateral notches were 21 of 65 (323%; 95% O 21.2, 45.1) 
and 8 of 10 (80%; 95% Q 44.4, 97.5). The sensitivity of inaeased 
PI was 30 of 143 (21%; 95% CI 14.6, 28.6) for delivery of an 
infant with birth weight below the tenth percentile and 7 of 10 
(70% 95% CI 34.8,933) for birth weight below the tenth pewen- 
tile delivered before 34 weeks. The respective values for 
bilateral notches were 19 of 143 (133%; 95% CI 8,2, 20) and 5 of 
10 (50%; 95% a 18.7, 813). 

Conclusion: A one-stage color Doppler screening program 
at 23 weeks identified most women who subsequently 
developed serious complications of impaired placentation 
associated with delivery before 34 weeks. The screening 
results were similar when the high-risk group was defined 
as women with increased PI or bilateral notches. (Obstet 
Gynecol 2000;96;559-'64. © 2000 by The American College 
of Obstetricians and Gynecolo^sts.) 
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number 1037116), 

The authors thank Paul Seed, Division of Primary Care and HeallH 
Sciences, Guy's, King's and St. Thomas's Hospitals, for vtdutdde 
statisHcai input. 



Preeclampsia, fetal growth restrictioii (PGR), placental 
abruptiojv and some cases of fetal death during the 
latter half of pregnancy are believed to result from 
impaired placentation in early gestation,' Deficient pla- 
centation is characterized by inadequate trophoblast 
invasion into the maternal spiral arteries and failure to 
develop low-resistance uteroplacental circulation. In 
the past 20 years, Doppler ultrasonographic studies of 
uteroplacental circulation have shown that high imped- 
ance to flow is associated with subsequent preeclamp- 
sia, PGR, and related complications.^ 

In our hospital, uterine artery Doppler assessment 
\ised to be an integral part of 20-week scanning that was 
offered to all pregnant women. Women with abnormal 
Doppler results were examined again at 24 weeks, and 
tiiose with persistently abnormal results were followed 
in a high-risk clinic. The data from that two-stage 
approach were reported^'* and variations on the design 
were described.*'® Harrington et al* found bilateral 
early diastolic notches in about 3.9% of the population, 
a group that contained about 54.5% of women who 
subsequently developed preeclampsia and 21.8% of 
those who delivered infants with birth weights below 
the tenth percentQe for gestation. 

Our policy on the second-trimester scan changed 
recently. The scan is done at 23 weeks and color 
Doppler is used in all cases to examine uterine arteries. 
This study examined the performance of one-stage 
color Doppler ultrasonography in predicting adverse 
pregnancy outcomes. 

Methods 

Women who had routine antenatal care at King's Col- 
lege Hospital, London, an inner-dty teaching hospital, 
had color Doppler examiiiation of the uterine arteries at 
23 weeks' gestation (Acuson Aspen, Acuson Co., Movm- 



VOL. 96, NO. 4, OCTOBER ^ 



0029-7844/00/$20.00 559 
PII 50029-7844(00)00946-7 



tain View, CA or Aloka SSD-1700, Aloka Co., Tokyo, 
Japan). The right and left uterine arteries were identi- 
fied at the apparent crossover with the external iliac 
arteries, and pulsed-wave Doppler was used to obtain 
waveforms. When three similar consecutive waveforms 
were obtained, an early diastolic notdh was noted, fhe 
pulsatility index (PI) was measured, and flie mean PI of 
the two vessels was calculated. 

Women with normal uterine artery Doppler received 
routine antenatal care. Those with bilateral uterine 
artery notches or those with mean Pis of 1.45 or higher 
constituted the screen-positive group and were fol- 
lowed in a highrrisk clinic starting at 24 weeks' gesta- 
tion. A PI of 1,45 was chosen because it corresponds to 
the 95th percentile of the reference range for our pop- 
ulation at that gestatioa 

Adverse outcomes were defined as preeclampsia, and 
birth weight less than the tenth and third percentiles for 
gestation^ before 34 weeks. Other adverse outcomes 
were fetal death and placental abruption (defined as 
vaginal bleeding leading to emergency delivery and 
evidence of retroplacental clot at delivery). Preeclamp- 
sia was defined by blood pressure of 140/90 mmHg or 
greater on two occasions more than 2 hours apart, with 
proteinuria (minimum of 300 mg per 24 hours or 
dipstick testing of 300 mg/L). 

During the study (May through November 1998), 
1941 consecutive women with singleton pregnancies 
who attended tfie ultrasonography unit had uterine 
artery Doppler examinations at 22 to 25 (meaiv 23) 
weeks' gestation. Doppler findings were recorded in a 
computer patient database, and ttiermal waveform im- 
ages were retained Complete demographic and out- 
come data were available for 1757 (90.6%) women. No 
women were subsequently excluded from the analysis. 
Sensitivity, specificity, positive predictive value, and 
negative predictive value were calculated by using the 
Statistical Package for Social Sciences, version 6 (SPSS, 
Inc., Chicago, IL). Receiver-operating characteristic 
(ROC) curves for mean PI relating to adverse outcomes 
were generated by using a logarithmic trendline in the 
Microsoft Excel 97 software package (Microsoft, Inc., 
Redmond, WA). 



Results 

Complete demographic and outcome data were avail- 
able for 1757 women (Tables 1 and 2), Their mean age 
was 30 years (range, 18 to 44 years). Abnormal Doppler 
results were present in 128 women (7.3%), including 77 
(4.4%) with bilateral notches, 89 (5.1%) with mean Pis 
above 1.45, and 38 (2.2%) wittv high Hs and notches. In 



Table 1» Demographic Characteristics of the Screened 
Populaticm 



No. of 
patients (%) 



Parity 




Nutliparous 


934(52,6) 


Multiparow 


823(47.4) 


Smoking 




>5/day 


273(16.1) 


Nonsmoker 


1484 (83.9) 


Ethnicity 




White 


792(45.1) 


Black 


711 (40.4) 


Asian 


117(6.7) 


Other 


137(7.8) 



the group with missing outcomes, the proportion with 
high Pis or bilateral notches was 9 of 184 (5 J%), which 
was similar to that in patients with complete follow-up. 
Sensitivity, specificity, positive and negative predic- 
tive values, and relative risks of adverse outcomes 
according to abnormal Doppler results are shown in 
Tables 3 (bilateral uterine artery notches or mean PI 
above L45), 4 (bilateral notches), 5 (high mean PI), and 
6 (high mean PI and bilateral notches)- Receiver- 
operating characteristic curves are shown for mean Pis 
relating to preeclampsia, preeclampsia requiring deliv- 
ery before 34 weeks, delivery of infants witii birth 
weights less than the tenfli percentile, and less than the 
third percentile overall and before 34 weeks (Figures 1 
and 2). 

Discussion 

The one-stage color Doppler uterine artery screening 
program at 23 weeks' gestation classified about 5% of 
the population as high-risk. Tliat group contained about 
90% of women who developed preeclampsia that re- 
quired delivery before 34 weeks, 70% of those whose 
infonts had birth weights less than tiie tenth percentile 

Table Z. Adverse Outcomes in the Screened Population 
(n « 1757) 



No. of 
patients (%) 



Preeclampsia 


65(3.70) 


Freedan^sia, delivery before 34 wk 


10(057) 


Birth weight below tenth percentile 


143 (ai4) 


Birth weight below third percentile 


K (2.96) 


Birth weight below tenth percentile. 


10(057) 


delivery before 34 wk 




Birth weight below third percentile. 


9 0)51) 


delivery before 34 wk 




Fetal death 


6(034) 


Placental abruption 


10(057) 
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Table 3, Screening Characteristics for Bilateral Notches or Mean Pulsatility Index Above 1.45 





Sensitivity (%} 


Spedncity (%) 


DIM/ 


MP\7 fW\ 


Keianve nsK 


Preeclampsia (rt 65) 


44.6 


94.1 


22.6 


977 


102 




OZ2,S7.4} 


(92.9,95.2) 


(15.6,30.7) 


(97,98.4) 




Preeclampsia, delivery before 34 wk {n 10) 


90 


93 


7 


99.9 


114.5 


(555,997) 


(91.7,94.2) 


(32, 1Z6) 


(99.7, 100) 






213 


94 


25 


93.1 


37 


(15.8,30.1) 


(92.7,95.2) 


(17.6,332) 


(91.8,94.4) 




Birth weight below third percentile (n - 52) 


30.2 


93.4 


1Z5 


97.8 


55 


(187,45.1) 


(92,1,94.5) 


(73, 19.4) 


(96.9,98.4) 




Birth weight below tenth percentile, delivery 


70 


93 


5.5 


99.9 


297 


before 34 wl« (n » IQ) 


(34.8,933) 


(91.7,94.2) 


(22, 10.9) 


(99.5, 100) 




Birth weight below third percentile, delivery 


77.8 


93.1 


5.5 


99.9 


447 


before 34 wk (it - 9) 


(40,972) 


(917,942) 


(22, 10.9) 


(99.6,100) 




Fetal death (n « 6) 


833 


92.8 


3.9 


99.9 


63.6 




(35.9,99^) 


(91.5.94) 


(13,87) 


(99.7, lOQ) 




Placental abruption (tf » 10) 


50 


92.9 


3.9 


997 


12.7 


(18.8,813) 


(915,94) 


(13,8,7) 


(993,99,9) 





NPV - negalWe predidhre value; PPV - posithre predictive value. SensiHvlly, speclOdty, PPV, and NPV are presented as percentage (95% 
confidence bnterval). 



and were delivered before 34 weeks, half of those with 
placental abruption 0\at required emergency delivery, 
and 80% of fetal deaths. In contrast with the high 
sensitivity for the preceding serious adverse outcomes, 
the overall sensitivity for preeclampsia was about 40% 
and about 20% for delivery of infants with birth weights 
less than the tenth percentile. 

Sensitivity for preeclampsia and delivery of small 
infants at the severe end of the spectrum were similar to 
those achieved in other two-stage programs. Thus, in a 
study of 1326 women at 19 to 21 weeks' and 24 weeks' 
gestation, Harrington et al* reported that abnormal 
results on uterine artery Doppler were present in 3.9% 
of pregnant women, including 81.2% of fliose who 



developed preeclampsia before 34 weeks and 57.6% of 
those who delivered infants with birth weights below 
the tenth percentile before 34 weeks. 

The main features of our study that distinguish it 
from previous ones are the use of color Doppler as the 
primary technique and relatively late gestation at 
screeiung. Most previous studies used continuous- 
wave Doppler to obtain waveforms from the uterine 
arteries without viewing them.*'' With color Doppler 
imaging, the precise location of uterine arteries as they 
cross the external iliac arteries is first identified and 
waveforms are obtained under direct vision with 
pulsed-wave Doppler. Gestation of 23 weeks was se- 
lected because previous studies that examined uterine 



Table 4. Screening Characteristics for Bilateral Notches, Irrespective of Mean Pulsatility Index Above 1.45 





SensiHvlty (%) 


Specificity (%) 


PPV(%) 


NPV (%) 


Relative risk 


Preeclampsia (» » 69 


3Z3 


96.7 


273 


97,4 


ia4 


(21.2,45.1) 


(95*973) 


(17.7,38.6) 


(96.5,98,1) 




Preeclampsia, delivery before 34 wk (» " 10) 


SO 


96 


10.4 


99J9 


873 


(44.4,975) 


(95,96.9) 


(45,192) 


(99.5,100) 




Birtli weight i^elow tenth percentile (n » 143) 


13.3 


96.4 


24.7 


925 


33 


(82,20) 


(95,4,973) 


(15.6,35.8) 


(91.3,935) 




Birtli weight below third percentile (n » 52) 


22.6 


96 


15.6 


975 


6.4 


(12.5,36^) 


(95,96,9) 


(8,247) 


(96.8,98.3) 




Birth weight below tenth percentile, delivery 


50 


9SS 


6.5 


997 


21.8 


before 34 wk (w » 1(^) 


08.7,813) 


(94.8,96.8) 


(2.1,145) 


(99.3,99.9) 




Birth weight below third percentile, delivery 


55.6 


95.9 


65 


995 


273 


before 34 wk (?i " 9} 


(21.2,863) 


(94.8,96.8) 


(2.1, 145) 


(99.4,99.9) 




Fetal death (n » Q 


83.3 


95.8 


6,5 


993 


109 


(35.9,99.6) 


(94.7,96.7) 


(2.1, 14.2) 


(99.7, 100) 




Placental abruption (n « 10) 


50 


95.8 


65 


997 


215 


(187,813) 


(94.7,96.8) 


(2.1, 143) 


(993,99.9) 





NPV « negative predicth^e value; PPV « positive predictive value. Sensitivity, specificity, PPV, and NPV are presented as percentage (95% 
confidence interval). 
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Table 5. Screening Characteristics for Mean Pulsatility Index Above 1.45, Irrespective of Bilateral Notches 





densiiiviiy \7of 




PPV (%) 


NPV (%) 


Relative riaic 


Preeclampsia (n - 65) 


35.3 


96 


25.8 


975 


103 




(23.9,482) 


(94.9,96.9) 


(16.7,355) 


(99.6,982) 




Freecianipsia, delivery before 34 wk {n « 10) 


80 


95.4 


8,1 


995 


75 




(44.4,975) 


(943,96.4) 


(4,17.1) 


(99.6,100) 




Birlh weight below tenth percentile (n » 143) 


21 


963 


337 


932 


5 


04.6,28.6) 


(95 A 97.2) 


(23.7,44,1) 


(9,9,94.4) 




Birth weight below thizd peicenlile (n « 52) 


66.6 


95.1 


45 


99.9 


375 




(529,797) 


(93.9,96.1) 


(21.6,385) 


(993, 100) 




Birth weight below tenth percentile, delivery 


70 


952 


75 


995 


43,7 


before 34 wk (n » 10) 














(34.8,933) 


(94.1,96.1) 


(3.1, 15.2) 


(99.5, 100) 




Birth weight below third percentile/ delivery 


77.8 


953 


7.9 


99.9 


66.6 


before 34 wk (n » 9) 














(40,97.2) 


(94^963) 


(32,155) 


(99.6, 10(5 




Fetal death (n ° 6) 


66.6 


9ai 


5.6 


99.9 


37.5 




(223,957) 


(94A963) 


(12,11) 


(99.6,100) 




Placental abruption {n = 10) 


20 


95 


22 


995 


47 


(25,55.6) 


(93.9,96) 


(03,7.9) 


(99.1,995) 





NPV = negaHve predictive value; PPV a positive predkHve value. Sensitivity, qieclfldty, PPV, and NPV are presented as percentage (95% 
confidence interval). 



arteries at earlier gestations reported high false-positive 
rates (tlie reason that tv^o*stage programs were devel« 
oped). In those previous studies, patients were exam- 
ined with routine second-trimester fetal anomaly scans 
(18 to 20 weeks' gestation), and those with abnormal 
uterine artery waveforms underwent second-stage 
screening, typically at around 24 weeks. For example, in 
the study of Harrington et al,^ fte screen-positive rate 
(defined as bilateral notches or a unilateral notch and 
resistance index of more than 0,55) at 20 weeks was 
17%; this rate decreased to 8.9% at 24 weeks. 



One of the major criticisms of uterine artery Doppler 
screening studies has been the excessive reliance on 
subjective assessment of uterine artery waveforms for 
presence or absence of early diastolic notches. Our 
study used only color Doppler equipment, whidi might 
be associated with more reproducible measurements of 
impedance indices than is continuous-wave Doppler. 
For the same screen-positive rate, sensitivity of PI for 
preeclampsia and delivery of infants with birth weights 
less than the tenth percentile might be better than that 
of bilateral notches. Although some adverse outcomes 



Table 6. Screening Characteristics for Mean Pulsatility Index Above 1.45 and BOateral Notches 





SensiHvity (%) 


Spedfidty (%) 


PPV(%) 


NFV(%) 


Relative risk 


Preeclampsia {n^GS) 


23 


98.6 


39.4 


97 


133 




(135,35.2) 


(97.9,99.1) 


(23.4,55.4) 


(962,973) 




Preectampsia, delivery b^fm 34 wk (it ° 1(9 


70 


98.2 


18.4 


993 


105 


(34.8,933) 


(97.5,98.8) 


(7.7,343) 


(99.5,100) 




Birth wei^t below tend) percentile (it » 143) 


11.8 


9a7 


44.7 


92.6 


6.1 


(7.1, 1&4) 


(98,99^2) 


(28.6*61.7) 


(91.3,93,9) 




Birth weight below third percentile (n « 52) 


22.6 


9^4 


313 


97.6 


13.2 


(125,36.8) 


(97.7,99) 


(17,47.6) 


(96.8,983) 




Birth weight below tenth percentile, delivery 


50 


98.1 


13.1 


997 


45.2 


before 34 wk(n » 10) 














(18.7,813) 


(97.4,98.7) 


(4.4,28.1) 


(99.3, 100) 




Birth weight bekmr thizd percentile, delivery 


55.6 


98.2 


13.9 


993 


59.8 


before 34 wk (Its 9} 


(2U,863) 


(973,983) 




(99.4,99.9) 




Fetal death (n Q 


66.6 


98 


103 


993 


903 




(223,95.7) 


(97.2,98.6) 


(Z9,242) 


(99,6, 100) 




Placental abrupti<m (n " 10) 


20 


97.9 


52 


993 


113 


(23,55.6) 


(97.1.98.5) 


(0.6,173) 


(99.1,993) 





NPV « negative predicthre value; PPV = positive predicthre value. Sensitivi^, specificity, PPV, and NPV are presented as percentage (95% 
confidence interval). 
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Falso positive rate (%} 

Figure 1 Receiver-operating curves of mean pulsatiltly index for 
preeclampsia. Curves of best fit are shown for the total group (darted 
line) and for women who delhrered before 34 weeks' gestation {solid 
Ime). 




False positive rate <%) 

Figure Z Receiver-operating curves of mean pulsatility index for 
delivery of a small-for«gestational-age infant. Curves of best fit are 
shown for birth weight less than the tenth percentile {light dashed line) 
and less than the third percentile {light solid line) for the total group and 
weight less than the tenth percentile {dark da^ed line) and less than the 
third percentile among women with delivery before 34 weeks' gesta- 
tion (dark solid Une). 



occurred in the group with bilateral notches and normal 
Pis, inclusion of bilateral notches in the definition of 
screen-positive group introduces an element of subjec- 
tivity in the program and nearly doubles the screen- 
positive rate but only marginally improves sensitivity. 

Women at highest risk are those with bilateral 
notches and a high mean PL They have a 40% chance of 
developing preeclampsia and 45% for delivering infants 
of birth weight less than the tenth percentile. Although 
they comprise only 2% of the screened population, the 
relative risks for adverse outcomes before 34 weeks and 
fetal death in that group range from 50 to 100, a clinical 
risk that merits close antenatal surveillance. 

Another important finding of our study was the 
negative predictive value, which was more than 99% for 
adverse outcomes before 34 weeks, placental abruption, 
and fetal death. This finding suggests that uterine artery 
screening might be used to determine the appropriate 
level of antenatal care in specific women. Women with 
normal uterine artery Doppler results are unlikely to 
develop preeclampsia, PGR or placental abruption and 
therefore do not necessarily need antenatal follow-up 
that is as close as tttat required in women with abnor- 
mal uterine artery £)oppler findings. The real value of 
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this method of screening is that using a mean uterine 
artery PI above 1.45 predicts most women who will 
experience severe preterm consequences of impaired 
placentation. 
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that AM DA level greater than 0. 75 is derived from the teachina of Holden and previously explained in the office action 
mailed on September 22. 2009 (see oaae 9, line 4), . 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
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THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
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FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview 
requirements on reverse side or on attached sheet. 
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Summary of Record of Interview Requirements 



Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 

A complete written statement as to the substance of any face-to-face, video conference, or telephone inten^iew with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 

Paragraph (b) 

In every instance where reconsideration is requested in view of an Intewiew with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1 .111 , 1 . 1 35. (35 U.S.C. 1 32) 

37 CFR §1 ,2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 



The action of the Patent and Trademark Office cannot be based exclusively on the written record In the Office If that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which Interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an Interview is completely recorded In an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form Is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Fomi should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following Information: 
-Application Number (Series Code and Serial Number) 
-Name of applicant 
-Name of examiner 

- Date of Interview 

-Type of interview (telephonic, video-conference, or personal) 

-Name of partlcipant(5) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
-An indication whether or not an exhibit was shown or a demonstration conducted 

- An identification of the specific prior art discussed 

- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

-The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should Include at least the following applicable Items: 

1) A brief description of the nature of any exhibit shown or any demonstration conducted, 

2) an identification of the claims discussed, 

3) an Identification of the specific prior art discussed, 

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 
Interview Summary Form completed by the Examiner, 

5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments Is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 
the examiner. 

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 
accurate, the examiner will give the applicant an extendable one month time period to connect the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the Interview along with the date and the examiner's initials. 
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- The MAILING DATE of this communication appears on the cover sheet with the correspondence address «• 



Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH{S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANCXDNED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing dale of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1 .704(b). 

Status 

1 )S Responsive to communication(s) filed on 21 May 2009 . 
2a)KI This action is FINAL. 2b)n This action is non-final. 

3) n Since this application is in condition for allowance except for formal matters, prosecution as to the merits Is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) 13 Clalm(s) 1,6-8 and 11 Is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) n Claim(s) is/are allowed. 

6) [EI Claim(s) 1, 6-8. 11 is/are rejected. 
?)□ Claim(s) is/are objected to. 

8) n Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) 0 The specification is objected to by the Examiner. 

10) D The drawing(s) filed on is/are: a)n accepted or b)n objected to by the Examiner. 

Applicant may not request that any objection to the clrawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) Including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

1 1) 0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12) n Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 
a)D All b)n Some * c)^ None of: 

1 .□ Certified copies of the priority documents have been received. 

2. n Certified copies of the priority documents have been received in Application No. . 

3. n Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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Application/Control Number: 1 0/553,462 Page 2 

Art Unit: 1632 

DETAILED ACTION 

Applicants' amendment to the claims filed May 21, 2009 have been received and entered. 
Claim 1 has been amended, while claims 2-5, 9-10, 12-28 have been canceled. Claims 1,4-11 
are pending. 

Election/Restrictions 



Applicant's election without traverse of claims 1-2 and 4-1 1 in the reply filed on August 
3 1 , 2007 was acknowledged. 

Claims 1, 6-8 and 1 1 are under consideration. 

Maintained -Claim Rejections - 35 USC § 112 
The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contenq)lated by the inventor of carrying out his invention. 

Claims 1, 6-8 and 1 1 remain rejected under 35 U.S.C. 1 12, first paragraph, because the 
specification, while being enabling for a method of determining that a pregnant woman is at risk 
of developing pre-eclampsia or whether that her fetus is at risk of developing intrauterine growth 
restriction (lUGR), which method comprises: (a) measuring plasma concentration of asymmetric 
dimethylarginine (ADMA) in a pregnant woman at risk of developing pre-eclampsia or her fetus 
being at risk of developing lUGR at a stage of pregnancy from 23 to 25 weeks gestation; and (b) 
plasma ADMA level in said women greater than 1 .5 microM/L indicates that the woman is at 
risk of developing pre-eclampsia or her fetus is at risk of developing lUGR, does not reasonably 
provide enablement for determining that a pregnant woman is at risk of developing pre- 
eclampsia by measuring ADMA at any other stage of pregnancy. The specification does not 
enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and use the invention commensurate in scope with these claims. 
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Applicants' arguments filed May 21, 2009 have been fully considered and are persuasive 
in parts. Applicants' cancellation of claims 4-5, 9 and 10 renders their rejections moot. 
Applicants' amendment of base claim 1 to recites measuring the level of ADMA in the plasma 
level, only in part obviates the grounds for rejection. 

Applicants argue that measuring ADMA in a plasma sample taken from pregnant woman 
at stage of pregnancy from 4 to 25 weeks gestation would not require undue experimentation. 
Applicants assert that one of skilled in the art could measure ADMA levels and compare to the 
threshold level. Applicants assert that the specification provides sufficient guidance 
to allow one of ordinary skill in the art to make and use the present invention without undue 
experimentation. 

Such is not found persuasive, because instant analysis is based on the predictability of the 
risk of developing pre-eclampsia (PE) or lUGR is based on the presence of plasma ADMA level 
greater then 1 .5 jumol/L at any stage of pregnancy. As stated before that applicants agree that 
pre-eclampsia is a multi factorial disease, which involves changes in, amongst others, a 
cardiovascular function, metabolic function and renal function (see Cooke et al Circulation, 2004 
Apr 20;109(15):1813-8, Fard et al, Arterioscler Thromb Vase Biol 2000; 20: 2039-2044 and 
Kielstein et al Am J Kidney Dis. 2005; 46: 186-202, Fang et al Hypertension 2006; 48: 724-729, 
all of the record). Thus, it is apparent that level of ADMA is influenced by different conditions 
and disorders and may not be specific risk marker for PE or lUGR in the first trimester. The 
guidance provided in the specification shows ADMA level greater thanl .5 microM/L at 23 to 25 
weeks of gestation indicates risk of developing pre-eclampsia or risk of developing lUGR in 
pregnant women. 

It should be noted that instant claims embrace a method of determining that a pregnant 
woman is at risk of developing pre-eclampsia or that her fetus is at risk of developing lUGR by 

(i) measuring asymmetric dimethylarginine (ADMA) levels in "a" pregnant woman of varying 
gestational age (4-25 week of gestation) and (ii) determining that the women is at risk of 
developing PE or lUGR of Ihe level of ADMA in the plasma is greater than 1 .5 micro mol/L. 
With respect to appUcants' argument that one could measure ADMA levels and compare to the 
threshold level, it is noted that as recited method of claim 1 step 1 recite measuring ADMA in 
any pregnant woman and does not require comparing to any control to arrive at any threshold 
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number as argued by the applicants. Further, the specification fails to disclose a threshold level 
of ADMA as a preclampsia risk indicator in pregnancy in first trimester. The specification 
teaches women with bilateral notches had significantly higher levels of ADMA compared to the 
women with normal uterine artery Doppler waveforms (2.4 )amol/L vs. 0.81 jumol/L respectively, 
Figure 2, page 21) which is at least three time of normal pregnancy level. With respect to 
applicants' argument that the data demonstrates that a plasma ADMA level measurement of 
greater than 1.5 micro mol/L can be used determine that a woman is at risk of developing lUGR 
or pre-eclampsia, it is noted that the specification discloses that women who subsequently 
developed pre-eclampsia had significantly higher levels (2.21-3.21|Limol/L) of ADMA (Table 3), 
however, specification also teaches that women in absence of notches with raised concentrations 
of ADMA did not develop pre-eclampsia (see table 3). It is noted that only women with notches 
and a high ADMA developed pre-eclampsia. In the instant case, there is no evidence on record 
that establishes nexus between higher ADMA level in plasma of a pregnant woman at a first 
trimester stage of pregnancy fi-om 4 to 15 weeks gestation. In fact, Ellis et al (Acta Obstet 
Gynecol Scand. 2001 Jul;80(7):602-8, IDS) report no convincing correlations between ADMA 
and clinical parameters (see page 606, col. 1, para. 1). In view of these comments, ADMA 
plasma levels cannot be used to determine risk of preclampsia in first trimester pregnancies. 
Furthermore, Contrary to the limitation of claim 7, Ellis et al teach that the ADMA/SDMA 
quotient is significantly lower in subjects with severe preeclampsia than in controls, reflecting a 
marked elevation of SDMA. These results are also contrary to the teaching of Pettersson et al 
(Acta Obstet Gynecol Scand 1998; 77: 808-813). The unpredictability of establishing nexus 
between first trimester uterine artery resistance and maternal serum concentration of ADMA is 
further evidenced by a recent report that states "[n]o significant difference was found in maternal 
serum ADMA between pregnancies with first trimester high resistance uterine artery blood flow 
and control (abstract) (Prefumo et al Ultrasound Obstet Gynecol, 2008, 31, 153-157) (emphasis 
added). It is emphasized that several years after filing of this report Prefumo concludes that a 
long longitudinal study would be required to examine whether concentration of matemal ADMA 
in the first trimester co relates with the onset of the pre-eclampsia (se page 156, col. 1, last para.) 
MPEP 2164.05(a) also states "If individuals of skill in the art state that a particular invention is 
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not possible years after the filing date, that would be evidence that the disclosed invention was 
not possible at the time of filing and should be considered. In In re Wright, 999 K2d 1557, 1562, 
27 USPQ2d 1510, 1513-14 (Fed, Cir. 1993). Therefore, it is evident fi-om the teaching of the 
cited references filed before, and after filing of this application show measuring ADMA level at 
different stage of pregnancy, without any comparison step of threshold value in base claims 
would not be reUable risk marker for PE or lUGR. It should be firther noted that the 
unpredictability of a particular art area may alone provide reasonable doubt as to the accuracy of 
the broad statement made in support of enablement of claims. See Ex parte Singh, 17 USPQ2d 
1714 (BPAI 1991). It is also well established in case law that the specification must teach those 
of skill in the art how to make and how to use the invention as broadly claimed. In re Goodman, 
29 USPQ2d at 2013 (Fed. Cir. 1994), citing In re VaecK 20 USPQ2d at 1445 (Fed. Cir. 1991). 
Given the lack of guidance provided by the specification it would have required undue 
experimentation for one of skill in the art to make and use the invention as claimed without a 
reasonable expectation of success. It is apparent that underlying condition and gestation age 
could greatly effect the level of plasma ADMA level. Given such differences in the level of 
ADMA at varying gestation age of a preganat woman as embraced by the claims, particularly 
when taken with the lack of guidance provided by the specification, it would require undue 
experimenattaion to make and use the inevntion without resonable expectation of sucess. 

It is emphasized that the claims are directed to measuring ADMA levels in plasma of a 
pregnant women that is limited by determining that women is at risk of developing lUGR or PE 
if the level of ADMA is greater than 1,5 micro mol/L. Examiner had previously indicated that 
the state of the art generally recognized that the reference used for comparison with the test level 
of the AMDA level may vary, depending on aspect of the invention being practiced. These 
values are subjective to sample population, other variables (age, gender, hormonal status, 
ethnicity, disease state), assay system and are subjective to different interpretation by different 
artisans (see Lopez -Jaramillo (J Hypertens. 2005; 23(6): 1 121-9 and references therein, art of 
record). Given that levels of ADMA may vary depending on values that are subjective to sample 
population such as age, gender, hormonal status, ethnicity, disease state, it is thus unpredictable 
as to how one might use any reference marker profile comprising ADMA identified in a plasma 
in the analysis of a biomarker profile obtained fi-om any other pregnant women with underlying 



Application/Control Number: 10/553,462 Page 6 

Art Unit: 1632 

disease that influence ADMA level (kidney disease, hypertension). The specification fails to 
provide an enabling disclosure for the claimed invention because the specification fails to 
provide sufficient guidance as to how an artisan of skill would have practiced the claimed 
method in any pregnant women of any ethnicity suffering from multiple chronic disorders to 
predict the risk of developing PE or risk of fetus developing lUGR if ADMA level is greater then 
1 .5 micro mol/L (see the discussion before). An artisan would have to carry out extensive 
experimentation to make and use the invention, and such experimentation would have been 
undue because art of predicting that a pregnant women is at risk of developing PE by measuring 
the level of ADMA in any tissue or fluid without reasonable expectation of success. 



New-Claim Rejections - 35 USC §103 

The following is a quotation of 35 U.S.C, 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 1 and 7 remain rejected under 35 U.S.C. 103(a) as being unpatentable over Boger 
(WO 2002/14873, 2/21/2002, IDS), Holden et al (Am J Obstet Gynecol. 1998; 178(3):551-6, art 
of record). 

Claims are directed to method of determining t hat a pregnant woman is at risk of 
developing pre-eclampsia (PE) or that her fetus is at risk of developing intrauterine growth 
restriction (lUGR), which method comprises: (a) measxiring asymmetric dimethylarginine 
(ADMA) in a pregnant woman at a stage of pregnancy from 4 to 25 weeks gestation; and (b) 
determining that the woman is at risk of developing pre-eclampsia or her fetus is at risk of 
developing lUGR if the level of ADMA is greater than 1.5 micromol/L in the woman. Instant 
rejection is applied to the extent claim reads on measuring if the ADMA level is greater than 
1 .17 micromol/L in the pregnant woman to suggest subject is at risk of developing PEWith 
respect to claim 1, Boger et al teach a method of detecting the risk of developing a disease 
including pre-eclampsia that is associated with NO metabolism by (a) measuring the level of 
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ADMA and SDMA (see claims 1 and 9). Boger et al also disclose that preeclampsia is a disease 
of the NO metabolism leads to constriction of arteries which induces high blood pressure in the 
mother and poses a risk to the unbom child due to reduced placental perfusion (see page 2) With 
respect to claim 7 and 8, Boger et al contemplate measuring the ration of ADMA to SDMA in 
the plasma of the patient (see claim 14, 20 and 21). It is also disclosed that subject suffering 
from chronic condition (CHF, example 4) show ADMA concentration of 4. 1 )liM/L as compared 
to 1 .0 )iM/L in normal subject. Boger teach a method of measuring ADMA in a subject to 
determine the risk of developing chronic condition if ADMA level is high and also contemplated 
to determine ADMA level in other conditions that increase high blood pressure such as PE, but 
Boger differed from claimed invention by not disclosing measuring ADMA level in pregnant 
women at a stage of pregnancy from 4 to 25 weeks gestation. 

The deficiency of Boger is cured by Holden who teaches measuring plasma ADMA level 
in 145 pregnant women that included pregnancy of all stages (including second trimester). It is 
noted that Holden et al also determined the level of ADMA which is at least 0.52 |umol/L to 1.17 
)Limol/L depending upon stage of pregnancy. This would meet the breadth of the claim measuring 
pregnancy at different stage of pregnancy (4-25 weeks) that is embraced by the teaching of 
Holden (see page 553, Figure 1 B). It is noted that Holden et al conclude that during later stage 
of pregnancy circulating concentrations increase and, when pregnancy is complicated by 
preeclampsia. It should be noted that Holden et al teach that mean plasma ADMA level in PE 
subject was 1.17+0.42 (1. 59-0.75 jiM/L) as compared to control subject. The range taught by 
Holden encompasses 1.5 uM/L as claimed. Thxis, method of Holden is primarily directed to 
study the role for ADMA in the changes in blood pressure seen in preeclampsia pregnancy (see 
abstract and page 555, col. 1, para. 4). 

It would have been obvious for one of ordinary skill in the art at the time of invention to 
modify the method of Boger by measuring the ADMA level in the pregnant women at varying 
stage of pregnancy firom 4-25 weeks gestation using the known method disclosed by Holden. It 
would have been prima facie obvious to one of ordinary skill in the art to combine the known 
methods of Boger and Holden to measure the ADMA level in a pregnant women at a stage of 
pregnancy from 4-25 and determine the level of ADMA to predict the risk of developing 



Application/Control Number: 1 0/553,462 Page 8 

Art Unit: 1632 

preeclampsia particularly since both generally embraced the potential of measuring ADMA level 
to determine the risk of developing pre-eclampsia. One who would have practiced the invention 
would have had reasonable expectation of success since Boger and Holden both taught method to 
measure ADMA level in the plasma of subject to determine if the subject is at risk of developing 
PE, while combining the teaching Boger and Holden would have resulted in a determining the 
level of ADMA that is greater then 1.17 |iiM/L to establish risk of developing pre-eclampsia. 

Therefore, the claimed invention would have been prima facie obvious to one of ordinary 
skill in the art at the time of the invention. 

"The art rejection may be overcome if applicant amended the base claim to include 
additional method step of carrying Doppler flow form analysis of the uterine arteries to 
determine pregnant woman with bilateral notches and than measuring asymmetric 
dimethylarginine (ADMA) in a pregnant woman at a stage of pregnancy from 23 to 25 weeks 
gestation; and (b)-determining that the woman is at risk of developing pre-eclampsia or her fetus 
is at risk of developing lUGR if the level of ADMA is at least 3 times greater than the ADMA 
level in the normal pregnancy 

Response to arguments 

Applicants' arguments filed May 21, 2009 have been fiilly considered but are not 
persuasive. Applicants' cancellation of claims 4-5 and 9 renders their rejections moot. Applicants 
argue that Boger and Holden fail to disclose or suggest determining that a woman is at risk of 
developing pre-eclampsia or her fetus is at risk of developing lUGR if the level of ADMA in a 
plasma sample is greater than 1 .5 jiM/L, as required by claim 1 , 

Such is not persuasive; because Holden et al teach that a level of ADMA in a pregnant 
woman of 1.17+0.42 (1.59-0.75^M/L) is sufficient to indicate that woman is at risk of 
developing pre-eclampsia. In response to applicant's arguments against the references 
individually, one cannot show nonobviousness by attacking references individually where the 
rejections are based on combinations of references. See In re Keller^ 642 F.2d 413, 208 
USPQ 871 (CCPA 1981); In re Merck & Co.. 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 1986). 
Applicants have fiirther engaged in selective reading of the teachings of Boger and Holden to 
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formulate the grounds for not teaching the invention. It should be noted that the ultimate goal of 
measuring plasma ADMA in patient is to deteraiine if the patient is at risk of developing PE. As 
previously indicated, contrary to applicants' assertion prior art of Holden recognized that higher 
ADMA level (greater than 1 . 1 7±0.42 or a range 1 ,59-0.75 ^iM/L) in the plasma of a pregnant 
woman is indicative of PE. Further, it is noted that claimed method recite two method steps (1) 
measuring ADMA in a plasma sample taken from any pregnant woman at a stage of pregnancy 
from 4 to 25 weeks gestation, and determining that the woman is at risk of developing pre- 
eclampsia or her fetus is at risk of developing lUGR if the level of ADMA in the plasma sample 
is greater than 1 .5 jiM/L. In the instant case, it would have been prima facie obvious to one of 
ordinary skill in the art to combine the known methods of Boger and Holden to measure the 
ADMA level in a pregnant women at any stage of pregnancy from 4-25 and determine the level 
of ADMA of more than 1.17+0.42 |uM/L to predict the risk of developing preeclampsia 
particularly since both generally embraced the potential of measuring ADMA level to determine 
the risk of developing pre-eclampsia. One of ordinary skill in the art after studying Holden would 
recognize that ADMA level of greater than 1.17+0.42 |liM/L in the plasma of a pregnant woman 
is sufficient to predict that the subject is at risk of developing pre-eclampsia. Thus, the rejection 
of claims 1 and 7 is maintained for reasons of record and the foregoing commentary. 



Conclusion 



No claims allowed. 

TfflS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 . 1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS fi'om the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated firom the mailing date of the advisory action. In no event, 
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however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry concerning this communication or earlier conununications from the 
examiner should be directed to ANOOP SINGH whose telephone number is (571)272-3306. 
The examiner can normally be reached on 9:00AM-5 :30PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Peter Paras can be reached on (571) 272- 4517. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Deborah Crouch/ 

Primary Examiner, Art Unit 1632 



Anoop Singh 
AU 1632 



XI. RELATED PROCEEDINGS APPENDIX 

None 
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